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FURTHER  OBSERVATIONS  ON  THE  INABILITY  TO 
TRANSMIT  A  RABBIT  NEOPLASM  BY  CELL-FREE 
MATERIALS. 

By  LOUISE  PEARCE,  M.D.,  and  JAMES  B.  MURPHY,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  April  21,  1927.) 

The  study  of  a  malignant  neoplasm  of  the  rabbit  which  has  been 
in  progress  in  these  laboratories  for  several  years, included  experiments 
in  1921  and  1922  in  which  it  was  found  that  propagation  could  not 
be  accomplished  by  the  use  of  filtrates  of  the  tumor  or  of  desiccated 
tumor  tissue  (1). 

As  serial  transplantation  progressed,  adaptation  to  passage  has 
been  associated  with  an  increase  in  the  energy  of  cell  growth  as  shown 
by  alterations  in  the  character  of  growth  of  the  primary  tumor  and 
metastases  which  have  resulted  in  a  more  rapid  progress  of  the  disease 
toward  death  or  recovery  (2).  Under  these  circumstances,  a  repe¬ 
tition  of  the  filtration  and  desiccation  experiments  was  desirable  for 
the  purpose  of  checking  the  earlier  results  with  material  of  a  more 
favorable  chaiacter  as  far  as  capacity  for  growth  is  concerned.  A 
few  experiments  were  also  carried  out  with  fluid  media  which  had 
been  in  contact  with  tumor  tissue  and  subsequently  filtered  or  cen¬ 
trifuged  in  order  to  ascertain  whether  the  tumor  could  be  propagated 
by  a  cell-free  agent  obtained  by  diffusion.  The  present  paper  (tontains 
the  results  of  these  several  experiments  in  the  order  named. 

EXPERIMENTAL. 

Materials  and  Method. 

Tumors  of  the  56th,  65th  and  68th  generations  were  used  in  this 
study  which  w'as  carried  out  in  April  and  October,  1926,  and  in 
January,  1927.  The  material  employed  was  obtained  from  primary 
testicular  tumors,  the  growth  activity  of  which  was  controlled  by 
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intratesticular  inoculations  of  fresh  cell  emulsions  not  subjected  to  any 
manipulation  other  than  emulsification  with  normal  saline;  sand 
was  not  used.  This  procedure  and  route  of  inoculation  are  those 
used  in  the  majority  of  experiments  with  this  tumor.  In  2  preliminary 
experiments  with  Hartley’s  broth,  as  described  below,  a  control 
inoculation  of  the  fresh  tumor  was  not  made;  the  condition  of  the 
tissue  was  such,  however,  that  its  transplantation  as  ordinarily 
carried  out  would  undoubtedly  have  resulted  in  tumor  growth. 

Filtration. — Immediately  after  removal  of  the  tumor,  portions  of  it  were  pulped, 
pressed  through  a  fine  meshed  sieve  and  ground  with  sand.  Ringer’s  solution  was 
added  in  the  proportion  of  50  cc.  to  approximately  5  gm.  of  tumor.  The  mixture 
was  shaken  for  20  minutes,  centrifuged  for  10  minutes  at  a  speed  of  1500  revolu¬ 
tions  per  minute  and  the  supernatant  fluid  filtered  through  Berkefeld  V  candles. 
The  cell-free  state  of  the  filtrate  was  controlled  by  the  addition  of  a  suspension  of 
B.  prodigiosus  to  the  fluid  prior  to  filtration. 

A  thin  suspension  of  Kieselguhr  was  thoroughly  mixed  with  the  filtrate  in  the 
proportion  of  0.5  or  1.0  cc.  to  25  cc.  of  the  filtrate  and  1.0  cc.  of  the  mixture  was 
injected  intratesticularly  in  normal  rabbits. 

Desiccation. — Small  pieces  of  the  tumor  were  pressed  through  a  fine  sieve  and 
a  thin  layer  of  the  pulp  was  spread  on  the  bottom  of  large  Petri  dishes.  The  dishes 
were  placed  over  concentrated  sulfuric  acid  in  desiccator  jars  and  the  air  evacuated 
by  a  Geryk  pump  to  a  pressure  of  3  mm.  The  jars  were  then  kept  in  a  freezing 
box  at  a  temperatue  of  —  1°C.  for  5  days.  The  material  was  pulverized  and  taken 
up  in  a  small  amount  of  normal  saline  or  of  Ringer’s  solution;  1.0  cc.  of  this  sus¬ 
pension  was  injected  intratesticularly  in  normal  rabbits. 

Supernatant  Fluid  of  Tumor  “Cultures.” — Cubes  of  tumor  tissue  measuring 
approximately  0.5  cm.  along  each  side  were  placed  in  test-tubes  containing  5  cc.  of 
Hartley’s  KCl  glucose  broth  and  1  cc.  of  fresh  rabbit  serum.  The  tubes  were  put 
in  jars  from  which  the  air  was  evacuated,  and  the  jars  were  kept  in  the  ice  box  for 
48  hours.  At  the  end  of  this  time,  the  supernatant  fluid  was  centrifuged  for  10 
minutes  at  a  speed  of  1500  revolutions  per  minute,  and  filtered  through  a  Berke¬ 
feld  V  candle,  B.  prodigiosus  having  been  added  before  filtration.  Inoculations 
of  the  filtrate  were  made  into  1  or  both  testicles  of  normal  rabbits,  0.5  cc.  oT  1.0  cc. 
being  used,  and  in  one  experiment  0.2  cc.  was  also  injected  intracutaneously  on  the 
ventral  surface  of  the  sheath. 

In  one  experiment,  the  supernatant  fluid  of  the  cultures  was  centrifuged  twice 
but  not  filtered.  Both  intratesticular  and  intracutaneous  injections  were  carried 
out  with  this  material. 

Tissue  of  “Cultures.” — Tumor  tissue  which  had  been  kept  in  Hartley’s  broth 
in  the  ice  box  for  48  hours  was  emulsified  with  normal  saline  and  0.4  cc.  of  the  emul¬ 
sion  was  injected  into  the  testicles  of  normal  rabbits. 
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“Stored”  Tissue. — Pieces  of  the  same  tumor  used  for  the  above  culture  experi¬ 
ment  were  placed  in  small  Petri  dishes  with  bits  of  gauze  soaked  in  normal  saline, 
care  being  taken  that  the  tissue  did  not  come  in  contact  with  the  gauze.  The  dishes 
were  sealed  with  adhesive  tape  and  placed  in  the  ice  box  for  48  hours.  Each  piece  of 
tumor  was  then  emulsified  with  normal  saline  and  0.4  cc.  of  each  emulsion  was 
injected  into  both  testicles  of  5  normal  rabbits. 


TABLE  I. 

Results  of  Filtration  Experiments. 
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TABLE  II. 

Results  of  Desiccation  Experiments. 
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In  the  experiments  in  which  tumor  filtrates  or  desiccates  were  employed,  the 
rabbits  w'ere  obserx'ed  for  2  and  3  months,  since  it  was  probable  that  growth,  if 
any  occurred,  would  be  greatly  delayed.  In  the  experiment  in  which  centrifuged 

TABLE  III. 

Results  of  Diffusion  Experiments. 

Anaerobic  Cultures  in  Hartley’s  Broth  48  Hours — Ice  Box  Temperature. 
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TABLE  IV. 


supernatant  fluid  of  the  tumor  cultures  in  Hartley’s  broth  was  used,  and  in  one  of 
the  experiments  in  which  this  fluid  was  filtered,  the  observation  period  was  34 
days;  in  the  remainder  it  was  2  months.  In  a  few'  instances,  the  testicle  or  the  skin 
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of  the  inoculation  area  was  removed  during  the  experiment  in  order  to  obtain 
additional  evidence  of  the  presence  or  absence  of  tumor  growth  from  gross  in¬ 
spection  or  from  the  histological  picture. 

RESULTS. 

These  experiment's  which  are  summarized  in  Tables  I  to  IV  turned 
out  entirely  negative.  No  growth  was  obtained  from  any  of  the  25 
injections  (15  rabbits)  of  filtrates  of  tumor  emulsions  nor  from  the 
15  inoculations  (10  rabbits)  of  desiccated  tumor.  In  like  maimer, 
no  growth  resulted  from  the  inoculation  of  filtered  or  centrifuged 
Hartley’s  broth  which  had  been  in  contact  with  tumor  tissue  in  the 
ice  box  for  48  hours.  There  were  20  testicular  and  10  intracutaneous 
injections  carried  out  with  these  materials  (15  rabbits) .  Furthermore, 
the  tumor  tissue  which  had  been  “cultured”  in  Hartley’s  broth 
failed  to  grow  when  injected  into  the  testicles  of  5  rabbits.  On  the 
other  hand,  the  same  tumor  used  in  a  cultivation  experiment  was 
still  capable  of  active  growth  after  being  kept  in  the  ice  box  for  48 
hours  under  moist  conditions.  Primary  tumors  developed  from  9 
of  the  10  inoculations  made  with  this  material. 

These  results  therefore  contrast  sharply  with  those  obtained  in 
the  control  series  of  rabbits  in  which  the  material  used  for  inoculation 
was  not  subjected  to  any  manipulation  other  than  emulsification. 
Primary  growths  were  obtained  in  every  instance  from  the  inoculation 
of  the  same  tumors  which  had  been  used  for  filtration,  desiccation  or 
cultivation  in  Hartley’s  broth. 

DISCUSSION. 

The  results  of  the  present  experiments  confirm  the  earlier  obser¬ 
vations  in  that  it  has  not  been  possible  to  propagate  this  malignant 
neoplasm  of  the  rabbit  with  Berkefeld  filtrates  of  the  tumor  or  with 
desiccated  tumor  tissue.  Furthermore,  no  success  attended  the 
attempts  to  demonstrate  an  agent  capable  of  growth  which  could  be 
separated  from  the  tumor  cells  by  diffusion  into  afluid  nutrient  medium 
as  is  the  case  with  a  filtrable  chicken  tumor.* 

It  would  appear  therefore  that  as  far  as  this  neoplasm  is  concerned, 

*  Unpublished  experiments  of  Jas.  B.  Murphy. 
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it  is  reasonably  certain  that  living  cells  are  essential  for  its  propagation. 
This  deduction  is  supported  by  the  results  of  the  experiment  in  which 
active  growths  were  obtained  with  tissue  which  had  been  kept  in  a 
moist  condition  in  the  ice  box  for  48  hours  as  contrasted  with  the 
failure  to  obtain  growth  from  the  inoculation  of  the  same  tissue 
which  had  been  kept  in  Hartley’s  broth  in  the  ice  box  for  the  same 
time.  The  probable  explanation  of  this  failure  is  the  rapid  autolysis 
of  cells  which  occurs  under  the  Ihtter  conditions. 

It  is  significant  in  this  connection  to  recall  that  the  cells  of  this 
tumor  resist  supposedly  deleterious  influences  to  a  remarkable  degree. 
Repeated  freezing  and  thawing,  for  instance,  destroys  most  cells, 
judging  from  dark-field  examination,  but  a  few  apparently  intact 
cells  may  be  recognized  and  intratesticular  inoculation  of  tumor  tissue 
subjected  to  these  procedures  is  followed  by  tumor  growth  (1). 

The  first  filtration  and  desiccation  experiments  were  carried  out  with 
the  4th,  10th  and  12th  generations  of  tumor  transplants,  while 
growths  of  the  56th,  65th  and  68th  generations  were  used  in  the  work 
now  reported.  Whatever  changes  have  occurred  in  the  growth 
capacity  of  the  tumor  cells  incident  to  long  continued  transplantation 
there  has  evidently  been  no  alteration  in  a  hypothetical  cell-free 
agent  by  which  this  agent  would  be  more  readily  demonstrable  with 
the  procedures  employed. 

It  is  evident  from  the  present  experiments  as  well  as  from  those 
previously  reported,  that  there  is  an  essential  biological  difference 
between  this  neoplasm  of  the  rabbit  and  certain  tumors  of  fowls  which 
can  be  propagated  with  tissue  filtrates  or  desiccates.  This  difference 
may  possibly  be  a  matter  of  animal  species  since  the  satisfactory 
demonstration  of  the  filtrability  of  a  mammalian  tumor  has  yet  to  be 
made.  It  is  not  unlikely  that  the  biological  differences  betwe^en  such 
species  as  birds  and  mammals  may  extend  to  the  occurrence  of  tumor 
agents  distinct  from  tumor  cells.  On  the  other  hand,  the  significant 
factor  may  be  the  type  of  cell  involved  since  the  fowl  tumors  are 
classified  as  sarcomata,  while  the  rabbit  neoplasm  is  considered  to  be 
of  epithelial  origin. 
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CONCLUSIONS. 

It  has  not  been  possible  to  propagate  a  malignant  neoplasm  of  the 
rabbit  with  cell-free  filtrates,  or  desiccated  tumor  tissue  or  by  the  use 
of  fluid  media  kept  in  contact  with  tumor  tissue.  These  findings 
confirm  the  results  of  previous  experiments  carried  out  with  early 
generations  of  the  tumor. 

The  existence  of  an  agent  distinct  from  the  tumor  cell  which  could 
initiate  growth  has  not  been  demonstrated. 

The  experiments  bring  out  an  essential  biological  difference  between 
this  mammalian  neoplasm  which  is  considered  to  be  of  epithelial  origin 
and  certain  filtrable  tumors  of  fowls  which  have  been  classified  as 
sarcomata. 
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ON  A  SPECIFIC  SUBSTANCE  OF  THE  CHOLERA  VIBRIO  * 


By  K.  LANDSTEINER,  M.D.,  and  PHILIP  LEVINE,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research^ 

(Received  for  publication,  April  25,  1927.) 

Rather  extensive  work  has  been  devoted  to  the  question  of  lipoid 
antigens  in  bacilli  of  the  acid-fast  group  but  there  are  also  some 
reports  concerning  the  solubility  in  organic  solvents  of  antigens 
of  other  microorganisms.  Among  these  are  contributions  dealing 
with  V.  choleras. 

Levaditi  and  Mutermilch  (1)  were  able  to  prepare  solutions  of  cholera  antigen 
by  mixing  one  volume  of  an  extract  in  isotonic  salt  solution  with  five  volumes  of 
absolute  alcohol.  For  the  experiments  the  fluid  was  centrifuged  and  the  superna¬ 
tant  was  evaporated.  The  residue  was  found  to  contain  active  antigen  when  tested 
with  anticholera  serum  in  complement  fixation  tests.  After  2  to  3  injections  of 
40  mg.  each  of  the  substance  into  rabbits  the  sera  of  the  animals  contained  specific 
agglutinins,  bactericidal  substances,  opsonins,  and  complement-binding  anti¬ 
bodies.  Guinea  pigs  treated  with  the  substance  acquired  active  immunity.  The 
substance  was  insoluble  in  ether,  acetone,  or  hot  absolute  alcohol.  It  resisted 
boiling  in  a  water  solution,  and  was  not  easily  destroyed  by  dilute  acid  or  alkali. 

Prausnit^i  (2)  in  attempting  to  verify  the  findings  of  Levaditi  and  Mutermilch 
ascribed  the  effects  observed  by  these  authors  to  their  method  of  filtration  through 
paper  which  would  not  suffice  to  prevent  the  passage  of  bacilli  into  the  filtrate. 
As  a  matter  of  fact  after  filtration  through  candles,  the  author  was  unable  to 
demonstrate  the  presence  of  antigens  in  the  extracts  either  by  immunization  or 
by  tests  in  vitro. 

In  view  of  the  divergent  results  recorded  we  undertook  a  renewed 
study  of  the  subject. 


EXPERIMENTAL. 

In  order  to  determine  the  most  suitable  method  for  extraction  cholera  vibrios  were 
treated  successively  with  ether  at  room  temperature  for  24  hours  and  with  various 
concentrations  of  alcohol  by  boiling  under  reflux  for  1  hour.  10  cc.  of  solvent 


*  See  the  preliminary  report  in  Proc.  Soc.  Exp.  Biol,  and  Med.,  1926,  xxiv,  248. 
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was  employed  for  the  24  hour  growth  of  each  Blake  bottle.  The  alcoholic  so¬ 
lutions  were  filtered  by  means  of  a  hot  water  funnel,  evaporated  on  the  steam  bath 
to  a  small  volume,  the  residue  taken  up  in  saline,  and  brought  to  a  volume  of  5  cc. 
per  bottle.  The  solutions  were  put  through  common  filter  paper  or  kieselguhr 
paper  (Macherey)  and  precipitin  tests  were  made  with  the  filtrates  and  cholera 
immune  serum.  There  was  no  reaction  with  the  extracts  made  with  ether  or 
strong  alcohol  but  the  extracts  made  with  dilute  (75  per  cent)  alcohol  were 
found  to  be  active. 

Accordingly  for  the  further  work  the  following  technic  was  adopted.  The 
harvest  of  a  24  hour  growth  of  cholera  vibrio  of  150  one  quart  Blake  bottles  was 
washed  off  with  1.5  liters  saline.  The  microbes  were  centrifuged,  washed  twice 
with  about  1-1.5  liters  of  saline  and  once  with  the  same  quantity  of  50  per  cent 
alcohol,  centrifuging  each  time  for  30  minutes  at  high  speed. 

The  sediment  was  put  into  95  per  cent  alcohol.  After  1  or  several  days  the 
centrifuged  bacterial  mass  was  boiled  under  reflux  for  1  hour  in  1 .5  liters  of  absolute 
alcohol  and  filtered  hot.  The  vibrios  were  then  treated  with  boiling  75  per  cent 
alcohol.  At  first  two  such  extractions  were  made  and  the  solutions  joined. 
Subsequently  the  first  and  second  extracts  were  kept  separately.  The  first  ex¬ 
traction  was  made  with  500  cc.  for  30  minutes;  the  second  with  1500  cc.  for  1  to  2 
hours.  The  extracts  were  filtered  through  a  hot  water  funnel.  Because  of  the 
slow  rate  of  filtration  the  filter  paper  had  to  be  renewed  several  times.  The  hot 
filtrate  ran  through  clear,  but  became  turbid  on  cooling  and  when  kept  in  the  ice 
chest,  a  flocculent  precipitate  settled  out.^  This  was  separated  by  spinning  in  a 
cooled  centrifuge  and  washed  with  some  absolute  alcohol  and  dry  ether.  From 
150  Blake  bottles  the  yield  of  the  first  and  second  extracts  approximated  60  mg. 
and  300  mg.  respectively. 

It  seems,  according  to  preliminary  experiments,  that  a  better  yield  can  be  ob¬ 
tained  by  isolating  the  substance  from  water  extracts. 

In  the  manner  described  a  substance  was  obtained  in  the  form  of  a 
white  to  grayish  white  powder.  In  water  the  substance  swells,  and 
slowly  a  viscous,  more  or  less  turbid  fluid  is  formed;  it  is  more  readily 
soluble  on  addition  of  a  trace  of  alkali.  The  substance  was  precipi¬ 
tated  by  cholera  immune  sera  up  to  dilutions  of  1 : 500,000.  In  higher 
concentrations  heavy  flakes  were  formed.  Both  the  substances  from 
the  first  and  second  extractions  in  a  1  per  cent  solution  gave  positive 
biuret,  xanthoprotein,  and  Millon  reactions  and  precipitation  with 
trichloracetic  acid,  tannic  acid,  phospho tungstic  acid,  and  sulfo- 

*  With  another  strain  of  V.  choleras  and  some  other  vibrios,  the  alcoholic  ex¬ 
tracts  became  faintly  turbid  on  standing  in  the  ice  chest  and  flocculation  occurred 
only  after  addition  of  a  small  quantity  of  salt  solution. 
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salicylic  acid.  The  reactions  were  considerably  weaker  with  the 
second  extract.  Both  preparations  gave  a  strong  Molisch  test.  On 
heating  a  2  per  cent  solution  in  n/2  HCl  for  90  minutes  on  the  steam 
bath  the  liquid  became  turbid  and  a  rather  voluminous  precipitate 
separated.  The  yield  of  this  precipitate  was  about  175  mg.  per  gm. 
of  the  hydrolyzed  substance.  The  supernatant  fluid  gave  strong  re¬ 
duction  with  Fehling’s  solution  and  with  phenylhydrazine  an  osazone 
crystallizing  in  needles,  no  pentose  reaction  with  orcinol. 

After  10  hours  heating  the  content  in  reducing  sugar  was  found  to 
be  20.5  per  cent,  calculated  as  glucose.  After  oxidation  with  nitric 
acid  the  solution  gave  an  intense  reaction  for  phosphoric  acid. 

The  precipitate  appearing  on  hydrolysis  showed  acid  character  in 
that  it  was  soluble  in  alkali,  and  could  be  precipitated  from  the  solu¬ 
tion  by  acid.  It  could  be  separated  by  means  of  methyl  alcohol  in 
two  parts,  one  soluble  in  methyl  alcohol  and  in  ether,  and  another  in¬ 
soluble  in  these  solvents.  The  former  gave  the  values  (calculated 
for  ash-free  substance):  C,  67.03;  H,  10.28;  N,  1.35:  the  latter  C, 
55.83;  H,  8.52;  N  not  determined. 

For  testing  the  antigenic  properties,  the  dry  substance  obtained 
by  alcoholic  extraction  of  the  vibrios  was  dissolved  in  saline  and  in¬ 
jected  into  rabbits.  After  2  to  3  injections  of  2.0  mg.,  and  also  0.2  mg., 
precipitins  were  formed  for  the  extracted  substance  as  well  as  agglutin¬ 
ins  for  V.  cholerx.  The  antigenic  activity  of  still  smaller  quantities 
was  not  tested. 

The  substance  proved  to  be  toxic  and  there  was  loss  of  animals 
in  the  immunization  experiments.  Guinea  pigs  died  after  intra¬ 
venous  injection  of  1.0  mg.  of  the  substance  and  sometimes  even 
0.1  to  0.2  mg.  was  lethal. 

In  order  to  exclude  the  presence  of  bacilli  in  the  injected  material 
immunization  experiments  were  also  carried  out  with  75  per  cent 
alcoholic  extracts  filtered  hot  through  Berkefeld  candles  tested  for 
impermeability  to  a  broth  culture  of  V.  cholerx.  The  precipitate 
settling  after  cooling  was  employed  in  quantities  of  2  mg.  per  injection. 
The  results  were  essentially  identical  with  those  recorded  in  Table  III. 

The  properties  of  our  material  bring  to  mind  the  specific  bacterial 
substances  studied  by  Avery  and  Heidelberger  on  account  of  the 
content  in  carbohydrates,  but  it  differs  by  virtue  of  its  antigenic 
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activity  and  the  presence  of  protein.  Consequently  ejfforts  were  made 
to  determine  whether  a  specifically  reacting  non-antigenic  substance — 
a  haptene  according  to  our  nomenclature — could  be  separated.  In 
this  we  succeeded  in  the  following  manner. 

The  first  alcoholic  extract,  richer  in  protein,  was  discarded.  1  gm.  of  dry 
substance  obtained  in  the  second  extraction  was  taken  up  in  10  cc.  of  water  and 

TABLE  I. 

Precipitation  Tests. 

Antigens:  A  =  crude  extract;  B  =  purified  product  obtained  from  A  in  the 
manner  described. 

To  0.2  cc.  of  the  antigen  dilutions  was  added  1  capillary  drop  of  immune  serum; 
readings  after  5  minutes  and  1  hour.  The  immune  serum  was  obtained  by  injec¬ 
tions  of  cholera  vibrios  into  a  rabbit. 

The  agglutinin  titer  of  this  serum  was  1 : 8000.  The  intensity  of  the  reactions 
is  indicated  as  follows:  f.  tr.  =  faint  trace;  tr.  =  trace;  ±,  -t-,  -I-  ±,  etc. 


Antigen 

Antigen  diluted  1: 

Readings 

after 

5000 

50,000 

250  .000 

500,000 

1,000,000 

Cholera  immune 

A 

+  +  ± 

+ 

tr. 

0 

5  min. 

serum  No.  82 

+  +  +  + 

+  ± 

zb 

f.  tr. 

0 

1  hr. 

, 

B 

+  -f-  + 

+ 

tr. 

0 

5  min. 

+  +  +  + 

+  + 

ifc 

tr. 

0 

.  Ihr. 

Normal  rabbit 

A 

0 

0 

1  hr. 

serum 

B 

0 

0 

1  hr. 

In  24  hour  readings  the  precipitate  seemed  to  be  partly  dissolved  especially  in 
the  tubes  with  higher  concentrations  of  antigen. 


to  it  was  added  40  cc.  of  n/10  NaOH.  After  about  1  hour,  the  solution  was 
centrifuged  from  some  insoluble  material,  and  3  volumes  of  alcohol  added.  In 
the  supernatant  fluid  which  was  kept  for  several  hours,  a  second  precipitate 
formed  on  addition  of  1  more  volume  of  alcohol.  The  first  precipitate  was  dis¬ 
solved  in  25  cc.  of  water,  neutralized,  and  a  little  Na2C03  added  whereupon  a 
slight  precipitate  formed.  After  centrifuging  the  supernatant  fluid  was  acidified 
(weakly  acid  to  Congo  red)  with  acetic  acid  so  that  on  addition  of  2  volumes 
of  alcohol  a  flocculating  precipitate  appeared.  The  precipitate  was  washed  with 
95  per  cent  alcohol  and  dried  with  absolute  alcohol  and  ether.  The  yield  was 
about  0.4  gm. 


TABLE  II. 

Precipitation  Tests. 

The  antigens  used  are  the  crude  bacterial  extracts  prepared  in  the  manner  described.  Immune  serum  32  was  obtained  by 
3  injections  each  of  2.0  mg.  of  the  crude  cholera  extract  into  a  rabbit. 
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This  product  was  a  white  powder,  slowly  swelling  and  dissolving  in 
water,  yielding  a  faintly  turbid  liquid  in  a  1  per  cent  solution.  On 
addition  of  a  trace  of  alkali  it  dissolved  more  readily.  The  solution 

TABLE  III,  a. 

Precipitation  Tests. 

Rabbits  injected  with  A  =  crude  extract :  B  =  purified  product  obtained  from 
A  in  the  manner  described. 


gave  a  negative  biuret  and  Millon’s  reaction,  a  very  slight  xanthopro- 
tein  reaction,  faint  traces  of  turbidity  with  trichloracetic,  tannic  acid, 
and  sulfosalicylic  acid,  and  no  turbidity  with  phosphotungstic  acid. 


K.  LANDSTEINER  AND  PHILIP  LEVINE 


219 


With  Molisch’s  reagent  it  reacted  intensely.  A  2.5  per  cent  solution 
in  n/50  sodium  hydroxide  gave  a  rotation  of  +.16  in  a  5  cm.  tube.  An 


TABLE  III,  h. 

Agglutination  Tests. 

To  0.5  cc.  of  the  stated  dilutions  of  inactivated  serum  was  added  0.5  cc.  saline 
suspension  of  heat-killed  V.  cholerse  grown  for  18  hours  on  agar  slants.  The 
tubes  were  kept  for  2  hours  at  37°  and  overnight  in  the  ice  box.  A  =  crude 
extract;  B  =  purified  product  obtained  from  A  in  the  manner  described. 


Read  after 


2  hrs. 
24hrs. 

2  hrs. 
24  hrs. 

2  hrs. 
24  hrs. 


2  hrs. 
24  hrs. 

2  hrs. 
24  hrs. 

2  hrs. 
24  hrs. 


2  hrs. 
24  hrs. 


2  hrs. 
24  hrs. 

2  hrs. 
24  hrs. 
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solution,  analyzed  as  follows:  C,  47.04;  H,  7.09;  N,  4.31;  P,  1.66; 
ash,  2.84. 

When  hydrolyzed  with  n/2  HCl,  sugar  could  be  demonstrated  by 
Fehling’s  solution  and  by  the  osazone  test,  and  a  precipitate  appeared 
as  in  the  experiments  mentioned  above. 

With  cholera  immune  serum  it  was  precipitated  to  the  same  titer 
as  the  original  product  but  rather  more  intensely  (Table  I).  The 
precipitin  reaction  was  not  diminished  by  heating  a  2  per  cent  solu¬ 
tion  for  1  hour  in  the  steam  bath;  neither  was  it  appreciably  affected 
by  digestion  with  pepsin  or  trypsin.  It  resisted  the  action  of  nitrous 
acid. 

The  specificity  of  the  substance  w^as  investigated  with  the  results 
shown  in  Table  II. 

The  tests  demonstrate  the  specificity  of  the  reaction  with  the  pre- 
cipitable  substance.  A  third  strain  of  cholera  gave  a  product  w'hich 
reacted  only  weakly  with  cholera  immune  serum.  This  strain  w^as 
atypical  in  that  it  show^ed  spontaneous  agglutination  and  was  con¬ 
siderably  less  agglutinated  by  immune  serum  than  the  other  strains. 

The  antigenic  activity  of  the  crude  and  purified  extract  w^as  tested 
as  follows: 

Two  batches  of  rabbits  were  injected — one  with  the  crude  mate¬ 
rial  used  for  the  purification;  another  with  the  purified  substance. 
Three  injections  each  of  2  mg.  of  the  substances  dissolved  in  1  cc. 
saline  were  given  intravenously  at  intervals  of  5  days.  7  days  after 
the  last  injection  the  sera  were  tested.  The  results  are  presented  in 
Tables  III,  a  and  III,  b.  Before  the  injections  the  sera  of  the  animals 
did  not  agglutinate  in  dilutions  of  1 : 10  and  1 :50  and  gave  no  precipitin 
reactions. 

It  appears  from  the  experiment  that  substance  B  while  reacting 
strongly  in  vitro  (Table  I)  had  little  if  any  antigenic  activity. 

SUMMARY. 

The  investigations  described  show  that  it  is  possible  to  extract 
specific  substances  from  V.  cholerx  by  means  of  hot  dilute  alcohol. 
This  result  cannot  be  attributed  to  the  presence  of  bacilli  in  the  ex¬ 
tracts  as  w'ould  follow  from  the  statements  made  by  Prausnitz  in  his 
criticism  of  the  work  of  Levaditi. 
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The  original  extract  contains  protein  and  exhibits  antigenic  prop¬ 
erties.  From  this  preparation  an  almost  protein-free  product  was 
obtained.  It  was  fully  active  in  the  precipitin  test  but  had  lost  almost 
completely  the  antigenic  activity.  Accordingly  the  latter  preparation 
belongs  to  the  class  of  substances  described  by  Zinsser  as  residue 
antigens  and  studied  chemically  by  Avery  and  Heidelberger.  The 
fact  that  the  immune  sera  resulting  from  the  injections  of  the  crude 
extracts  acted  upon  the  non-immunizing  precipitable  substance 
indicates  that  in  the  crude  extract  there  is  present  an  antigenic  com¬ 
plex  consisting  of  protein  and  the  specific  substance. 

Regarding  its  chemical  nature  it  follows  from  the  foregoing  that 
the  precipitable  but  non-immunizing  substance  is  not  a  protein.  On 
hydrolysis  it  yielded  a  considerable  quantity  of  sugar  although  less 
than  that  given  for  the  specific  carbohydrates  of  pneumococci  and  B. 
friedlxnderi.  The  product  contains  nitrogen  and  phosphorus  and  on 
hydrolysis  a  substance  of  acid  character  separates  from  the  solution. 
Accordingly  the  substance  prepared  would  appear  to  have  either  a 
rather  intricate  structure  or  to  be  a  complex  carbohydrate,  similar 
to  those  described  by  Avery  and  Heidelberger,  but  still  containing 
impurities.  This  issue  can  probably  be  decided  by  further  studies. 
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STUDIES  IN  EXPERIMENTAL  SYPHILIS. 


VII.  Reinoculation  of  Treated  and  Untreated  Syphilitic 
Rabbits  with  Heterologous  Strains  of  Treponema 

PALLIDUM.  * 

By  ALAN  M.  CHESNEY,  M.D.,  CHARLES  R.  L.  HALLEY, f  M.D.,  and 
JAROLD  E.  KEMP,  M.D. 

(From  the  Department  of  Medicine,  Johns  Hopkins  Medical  School,  Baltimore.) 

(Received  for  publication,  May  10,  1927.) 

Previous  communications  in  this  series  have  dealt  with  the  results 
of  experiments  in  which  both  treated  and  untreated  S3^hilitic  rabbits 
were  inoculated  a  second  time  with  homologous  strains  of  Treponema 
pallidum.  The  results  of  those  experiments  are  in  close  accord  with 
the  findings  of  other  investigators  in  the  same  field,*  and  the  evidence 
thus  far  assembled,  both  by  others  and  by  ourselves,  indicates  that 
in  rabbits  during  the  course  of  an  experimental  infection  with  syphilis 
there  is  built  up  in  time  a  specific  state  of  resistance  against  the  infect¬ 
ing  organism  to  the  extent  that  subsequent  inoculations  with  homolo¬ 
gous  strains  of  the  latter  are  not  followed  by  the  customary  phenomena 
of  the  disease.  It  is  possible  to  prevent  the  development  of  this  state 
of  resistance  by  suitable  treatment  early  in  the  course  of  the  disease 
(before  the  45th  day),  but  if  treatment  be  postponed  until  the  resistant 
state  is  fairly  well  established  (after  the  90th  day),  as  was  first  shown 
by  Kolle,  the  rabbit  apparently  remains  refractory,  for  months  at  least, 
to  a  second  inoculation  with  the  homologous  strain  of  treponemata, 
that  is  to  say,  refractory  in  the  sense  that  reinoculation  is  not  followed 
by  any  manifest  phenomena  of  disease.  It  has  been  established  in 
experiments  already  reported  in  this  series  (1)  that  this  resistant 

*  Aided  by  a  grant  from  the  Ella  Sachs  Plotz  Foundation  for  the  Advance¬ 
ment  of  Scientific  Investigation. 

t  Jacques  Loeb  Fellow  in  Medicine. 

*  The  present  status  of  our  knowledge  of  this  subject  has  been  reviewed  re¬ 
cently  by  one  of  us  in  another  periodical  (18),  and  need  not  therefore  be  pre¬ 
sented  here  in  detail. 
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State  against  homologous  strains  of  the  organism  is  not  absolute  but 
may  be  broken  down  in  part  by  resort  to  procedures  which  favor  the 
inciting  agent. 

The  purpose  of  the  present  communication  is  to  record  the  results  of 
a  series  of  experiments  in  which  the  reaction  of  treated  and  untreated 
syphilitic  rabbits  toward  second  inoculations  with  heterologous  strains 
of  Treponema  pallidum  was  observed.  Since  these  studies  were  first 
undertaken  in  the  latter  part  of  1924,  there  have  appeared  in  the 
literature  reports  of  experiments  conducted  along  similar  lines  with 
results,  in  general,  similar  to  those  obtained  by  ourselves.  There  are 
also  available  in  the  older  literature  accounts  of  experiments  of  like 
character  in  which  a  few  animals  were  studied.  These  will  be  briefly 
summarised  at  this  point,  attention  being  directed  principally  to  those 
experiments  in  which  the  second  inoculation  was  carried  out  90  days  or 
more  after  the  first,  or  in  which  treatment  was  begun  after  a  like 
interval  had  elapsed  following  the  first  inoculation. 

HISTORICAL. 

Zinsser,  Hopkins  and  McBumey  (2)  inoculated  12  untreated  syphilitic  rab¬ 
bits  with  heterologous  strains  of  Treponema  pallidum,  106  to  389  days  after  the 
first  inoculation,  and  obtained  3  positive  results.  Pearce  and  Brown  (3)  were 
apparently  able  to  produce  a  second  infection  in  an  untreated  syphilitic  rabbit 
by  the  inoculation  of  a  more  virulent  strain  of  treponemata  55  days  after  the  first 
inoculation,  at  a  time  when  the  disease  phenomena  produced  by  the  latter  were 
subsiding.  Reiter  (4)  obtained  4  successful  second  infections  in  9  reinoculations 
of  rabbits  with  heterologous  strains  carried  out  133  to  602  days  after  the  first 
inoculation,  and  Kolle  (5)  in  a  series  of  cross-inoculation  experiments  with  51 
rabbits  obtained  23  successful  second  infections  with  heterologous  strains. 
Adachi  (6)  successfully  infected  7  syphilitic  rabbits  a  second  time  by  inoculating 
with  heterologous  strains  late  in  the  course  of  the  disease,  while  reinoculations 
with  homologous  strains  gave  uniformly  negative  results.  Nothhaas.  (7)  has 
recently  reported  3  successful  reinoculations  with  heterologous  strains  in  a  series 
of  16  syphilitic  rabbits,  the  interval  between  inoculations  ranging  from  14  to  42 
weeks.  Manteufel  and  Worms  (8)  carried  out  a  series  of  cross-inoculations  in 
which  7  rabbits  infected  with  the  Nichols  strain  and  untreated  were  subsequentlj’ 
inoculated  with  another  strain  of  T.  pallidum.  Of  the  7,  2  were  successfully  in¬ 
fected  a  second  time. 

The  behavior  of  treated  syphilitic  rabbits  toward  a  second  inoculation  with 
heterologous  strains  of  treponemata  has  received  scarcely  any  attention  thus  far. 
Reiter  (4)  treated  3  syphilitic  rabbits  70,  91  and  182  days,  respectively,  after 
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inoculation  and  subsequently  reinoculated  them  with  heterologous  strains  but 
failed  to  obtain  any  evidence  of  infection.  Manteufel  and  Worms  (8)  reinoculated 
one  treated  rabbit  with  an  heterologous  strain  of  T.  pallidum  with  a  negative 
result. 


EXPERIMENTAL. 

The  observations  to  be  reported  in  this  communication  deal  with  a  series  of 
reinoailations  in  68  rabbits,  most  of  which  were  treated  with  arsphenamine 
prior  to  the  introduction  of  the  second  infection. 

Rabbits. — All  the  commoner  breeds  of  rabbits  were  represented  in  the  experi¬ 
ments,  the  grays  and  browns  predominating. 

Mode  of  Inoculation. — First  inoculations  were  invariably  made  into  the  testis 
and  in  nearly  every  instance  subsequent  inoculations  were  made  in  the  opposite 
testis.  In  a  few  instances  second  inoculations  were  made  intracutaneously  into 
the  sheath  of  the  penis.  Because  of  the  occurrence  of  metastatic  orchitis  in  many 
of  the  animals,  it  happened  that  frequently  the  second  inoculation  was  made  in  a 
testis  which  had  previously  been  the  site  of  a  syphilitic  process,  while  in  the  others 
the  second  inoculation  was  made  into  an  apparently  normal  testis  as  judged  by 
clinical  examination.  In  some  instances  the  animals  were  reinoculated  first  with 
the  homologous  strain,  later  with  an  heterologous  strain  of  treponemata. 

Strains. — Six  strains  of  Treponema  pallidum  were  used  in  this  study.  These 
included  two  which  have  long  been  adapted  to  the  rabbit,  namely  the  Nichols 
strain  and  the  Truffi  strain  (for  the  latter  of  which  we  are  indebted  to  Professor 
Kolle).  The  remaining  4  strains  were  isolated  by  us  from  syphilitic  patients  in 
the  Johns  Hopkins  Hospital.  Of  these  latter,  1,  designated  “A,”  was  isolated 
from  the  spinal  fluid  of  a  patient  with  secondary  syphilis,  but  without  clinical  or 
serological  evidence  of  involvement  of  the  central  nervous  system  (9);  1,  desig¬ 
nated  “C,”  was  isolated  from  the  spinal  fluid  of  a  patient  with  syphilitic  menin¬ 
gitis  of  the  neurorecurrence  type  (10),  a  third,  designated  “F,”  was  isolated 
from  the  synovial  fluid  of  a  patient  with  syphilitic  arthritis;  and  the  fourth.  Strain 
“H,”  was  obtained  from  a  lymph  node  of  a  patient  with  arthritis  (11).  All  of 
these  4  strains  were  isolated  in  the  years  1923  and  1924. 

Treatment. — Where  the  animals  were  treated,  the  mode  of  treatment  was  in¬ 
variably  the  same  and  consisted  in  the  administration  of  6  doses  of  arsphena¬ 
mine,  10  mg.  per  kg.,  administered  at  weekly  intervals.  The  time  at  which 
treatment  was  begun  varied  somewhat  but  was  always  late  in  the  course  of  the 
infection,  that  is  to  say,  after  the  90th  day.  This  time  interval  was  selected 
because  of  the  now  well  established  fact  that  when  treatment  is  postponed  until 
this  interval  has  elapsed  a  second  inoculation  with  homologous  strains  of  Trepo¬ 
nema  pallidum  does  not,  except  in  rare  instances,  lead  to  the  development  of  a 
syphilitic  lesion  at  the  site  of  inoculation. 

Wassermann  Reaction. — In  many  of  the  experiments  the  behavior  of  the 
Wassermann  reaction  was  followed  at  regular  intervals.  The  technic  employed 
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has  already  been  described  elsewhere  (12).  Further  experience  with  the  method 
has  confirmed  our  previous  impression  that  it  can  be  successfully  employed  in  the 
study  of  experimental  syphilis  in  the  rabbit.  The  only  modification  which  we 
have  introduced  since  the  publication  of  our  previous  communication  on  the 
test,  and  have  employed  throughout  in  these  experiments,  has  been  the  use  of 
0.05  cc.  of  the  serum  instead  of  0.1  cc.  as  originally  employed.  All  other  quanti¬ 
ties  of  reagents  have  been  the  same.  We  have  gained  the  impression  that  with 
the  use  of  the  smaller  amount  of  serum  a  number  of  anticomplementary  reactions 
have  been  eliminated. 

Criteria  of  Reinfection. — In  all  the  experiments  cited  in  the  literature,  the 
criterion  of  successful  production  of  a  second  infection  has  been  the  develop¬ 
ment,  after  an  appropriate  incubation  period,  of  a  syphiloma  at  the  site  of  in¬ 
oculation  in  which  the  presence  of  Treponema  pallidum  could  be  demonstrated. 
As  was  suggested  several  years  ago  by  Brown  and  Pearce  (13),  however,  second 
infections  might  be  produced  without  the  occurrence  of  any  visible  syphilitic 
phenomena  at  the  site  of  reinoculation,  and  in  previous  papers  in  this  series 
(14, 1)  evidence  has  been  presented  which  strongly  indicates  that  treated  syphilitic 
rabbits  can  react  in  such  a  manner  to  a  second  inoculation  with  homologous 
strains  of  the  organism.  Data  of  a  similar  nature  have  also  been  obtained  by 
Voegtlin  and  his  associates  (15).  Recently  Kolle  and  Schlossberger  (16)  re¬ 
ported  experiments  which  indicate  that  the  same  state  of  affairs  may  obtain 
when  heterologous  strains  are  employed  for  the  second  inoculation.  The  recog¬ 
nition  of  such  asymptomatic  reinfections  is  made  possible  through  the  study  of 
the  infectivity  of  lymph  nodes  or  internal  organs  of  the  reinoculated  animal. 
The  utilisation  of  this  method  of  study  necessarily  entails  the  expenditure  of  a 
large  number  of  animals  and  in  the  present  study  it  was  deemed  advisable  to 
forego  this  procedure  since  the  object  was  not  to  obtain  absolute  figures  as  to  the 
susceptibility  of  syphilitic  rabbits  to  infection  with  heterologous  strains,  but  to 
contrast  the  effect  of  reinoculation  with  the  latter  as  opposed  to  reinoculation 
with  homologous  strains.  For  that  reason  we  adopted  as  a  criterion  of  success¬ 
ful  second  infection  in  this  series  of  experiments,  the  development  of  a  character¬ 
istic  syphilitic  lesion  at  the  site  of  inoculation  with  the  demonstration  of  trepo¬ 
nemata  therein.  It  is  freely  admitted  that  such  a  criterion  will  probably  fall 
short  of  telling  the  whole  story,  and  that  the  number  of  successful  second  infec¬ 
tions  in  our  experiments  may  have  been,  and  almost  certainly  was,  greater  than 
the  figures  would  indicate,  but  the  expense  attendant  upon  ascertaining  the 
actual  number  of  asymptomatic  reinfections,  involving  as  it  does  the  identifica¬ 
tion  of  the  strain  isolated  after  reinoculation,  did  not  seem  to  be  warranted  in 
view  of  the  fact  that  only  relative  and  not  absolute  data  were  desired. 

Controls. — ^The  virulence  of  the  strain  used  for  reinoculation  was,  of  course, 
always  tested  by  simultaneous  inoculation  of  a  series  of  normal  rabbits  with 
equal  amounts  of  the  same  virus  emulsion.  In  no  instance  did  the  control  rab¬ 
bits  fail  to  show  characteristic  syphilitic  lesions.  A  series  of  13  animals  was 
twice  reinoculated  with  homologous  strains  of  treponemata  in  order  to  ascertain 
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whether  or  not  the  resistance  to  the  homologous  strain  persisted  for  the  dura¬ 
tion  of  the  experiments. 


Results  in  Untreated  Rabbits. 

Reinoculations  with  an  heterologous  strain  of  Treponema  pallidum 
were  carried  out  in  1 1  untreated  syphilitic  rabbits,  the  second  inocula¬ 
tion  in  each  instance  being  performed  with  the  Nichols  strain.  The 
interval  between  inoculations  varied  from  93  to  170  days.  In  5  of 
the  animals  the  second  inoculation  was  made  intracutaneously  on 

TABLE  I. 


Reinoculations  of  Untreated  Syphilitic  Rabbits  with  Heterologous  Strains. 


Rabbit  No. 

Strain  of  1st 
inoculation 

Strain  of  2nd 
inoculation 

Interval 

between 

inoculations 

Mode  of  2nd 
inoculation 

Result 

days 

1 

A 

Nichols 

Testicular 

— 

2 

C 

U 

93 

U 

+ 

3 

C 

« 

93 

U 

+ 

4 

C 

“ 

93 

ii 

+ 

5 

C 

i< 

107 

u 

4 

6 

F 

(t 

Intracutaneous 

— 

7 

F 

u 

142 

« 

+ 

8 

F 

« 

U 

+ 

9 

H 

u 

153 

ii 

+ 

Trufli 

u 

121 

u 

— 

11 

ii 

u 

121 

Testicular 

- 

Total  positive .  7 

“  negative .  4 


Total  positive .  7 

“  negative .  4 


the  sheath  of  the  penis.  In  4  of  the  remaining  6  animals,  in  which 
the  second  inoculation  was  made  into  the  testis,  that  particular  organ 
had  previously  been  the  site  of  a  syphilitic  lesion.  The  results  of  the 
experiment  are  shown  in  Table  I. 

Table  I  shows  that  of  the  11  untreated  syphilitic  rabbits  reinoculated 
with  an  heterologous  strain  of  Treponema  pallidum  93  to  170  days 
after  the  first  inoculation,  7,  or  63  per  cent,  reacted  with  the  formation 
of  a  syphilitic  lesion  at  the  site  of  inoculation.  In  9  of  the  animals 
the  strains  used  for  the  first  inoculation  had  been  isolated  from  human 
cases  of  syphilis  at  a  more  recent  date  than  had  the  strain  used 
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TABLE  II. 


Reinoculations  of  Treated  Syphilitic  Rabbits  with  Homologous  and  Heterologous 
Strains  of  T.  pallidum. 


Rabbit 

No. 


Strain  of  1st 
inoculation 


Treatment 
days  after 
inoculation 


2nd  inoculation 


I  Steasi  I 


3rd  inoculation 


1  dite^a^  I 
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for  the  second  inoculation,  and  in  general  could  be  regarded  as  less 
virulent  strains  than  the  latter.  There  was  no  significant  difference 
in  percentages  of  successful  reinoculations  obtained  by  intratesticular 
inoculation  as  contrasted  with  intracutaneous  inoculation. 

Results  in  Treated  Rabbits. 

For  the  purpose  of  presentation,  the  experiments  with  treated  rabbits 
have  been  arranged  in  two  groups,  first  (Group  1)  those  in  which  the 
animals  were  reinoculated  with  the  homologous  strain  and  then  with 
an  heterologous  strain,  and  those  (Group  2)  in  which  only  one  rein¬ 
oculation  and  that  with  the  heterologous  strain  was  carried  out. 


TABLE  III. 

Possible  and  Actual  Results  of  Reinoculations  with  Homologous  and  Heterologous 
Strains  of  T.  pallidum. 


Category 

1st  reinoculation 

2nd  reinoculation 

No.  of  rabbits 
encountered 

Strain 

Result 

Strain 

Result 

A 

Homologous 

+ 

Homologous 

-f- 

0 

« 

— 

(( 

+ 

0 

C 

H 

+ 

({ 

— 

0 

D 

n 
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it 
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13 

E 

it 

-1- 

Heterologous 

+ 

0 

E 

a 

— 

ii 

+ 

12 

G 

a 

+ 

a 

- 

2 

H 

- 

a 

— 

8 

Total . 

35 

Group  1.  In  this  group  there  were  observations  upon  35  animals 
including  13  controls  which  received  two  successive  reinoculations  with 
the  homologous  strain.  The  results  are  shown  in  Table  II. 

From  Table  II  it  will  be  seen  that  of  35  rabbits  originally  inoculated 
with  various  strains  of  T.  pallidum  and  treated  from  91  to  265  days 
after  inoculation  all  but  2  gave  negative  results  when  inoculated  a 
second  time  with  the  homologous  strain.  Of  the  33  animals  which 
were  thus  shown  to  be  refractory  to  their  own  strain,  13  were  inoculated 
a  third  time  with  the  same  strain  as  controls  and  again  proved  refrac¬ 
tory,  while  the  remaining  20  which  were  inoculated  with  heterologous 
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strains,  gave  a  positive  result  in  12  instances,  or  59  per  cent.  The 
two  animals  (Nos.  24  and  25)  which  proved  to  be  susceptible  to  a 
second  inoculation  with  their  own  strain  were  subsequently  inoculated 
with  an  heterologous  strain  and  proved  to  be  refractory  to  the  latter, 
rather  to  our  surprise.  We  have  no  satisfactory  explanation  for  this 
result. 

The  foregoing  results  may  perhaps  be  better  appreciated  if  one 
considers  all  the  theoretically  possible  combinations  and  contrasts 
them  with  the  results  actually  obtained.  If  syphilitic  rabbits  are 
twice  reinoculated,  first  with  the  homologous  strain  and  then  with  either 
the  same  or  another  strain,  it  is  apparent  that  there  are  8  possible 
results  to  such  an  experiment.  In  Table  III  these  are  listed  together 
with  the  number  of  rabbits  encountered  in  each  category. 


TABLE  TV. 

Reinoculation  of  Treated  Syphilitic  Rabbits  with  Heterologous  Strains. 
Treatment  122  Days  after  Inoculation. 


No.  of  rabbits 

Strain  of  1st 
inoculation 

Strain  of  2nd 
inoculation 

Result 

Per  cent 
positive 

Positive 

Negative 

11 

Nichols 

A 

2 

9 

18 

11 

ii 

F 

7 

4 

63 

From  consideration  of  Table  III  it  is  seen  that  of  the  8  theoretically 
possible  results  4  were  actually  encountered  in  the  experiments.  The 
tendency  of  syphilitic  rabbits  treated  late  in  the  course  of  the  disease 
to  react  to  a  second  inoculation  with  the  homologous  strain  in  such  a 
manner  as  to  exhibit  no  evidence  of  a  lesion  at  the  site  of  inoculation 
is  clearly  shown  in  the  table,  and  is  in  striking  contrast  with  their 
behavior  when  reinoculated  with  heterologous  strains. 

Group  2.  In  this  group  there  were  observations  upon  22  rabbits 
all  of  which  were  inoculated  at  the  same  time  with  the  Nichols  strain, 
were  treated  on  the  122nd  day  of  the  disease  and  subsequently  rein¬ 
oculated  with  either  Strain  A  or  Strain  F  on  the  197th  day  after  the 
original  infection.  The  results  are  shown  in  Table  IV. 

Study  of  Table  IV  shows  that  of  11  syphilitic  rabbits  inoculated  with 
the  Nichols  strain  and  treated  122  days  after  inoculation,  only  2, 
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or  18  per  cent,  showed  lesions  at  the  site  of  inoculation  when  inoculated 
subsequently  with  Strain  A,  whereas  of  11  similar  rabbits  inoculated 
subsequently  with  the  F  strain  7,  or  63  per  cent,  reacted  with  the 
development  of  a  characteristic  syphilitic  lesion  at  the  site  of  inocula¬ 
tion.  In  short,  infection  with  the  Nichols  strain  under  the  conditions 
of  the  experiment  appeared  to  protect  a  much  higher  percentage  of 
animals  against  infection  with  Strain  A  than  against  infection  with 
Strain  F.  This  rather  marked  difference  in  the  reaction  of  the  “Nich¬ 
ols  rabbits”  to  two  diifferent  strains  can  scarcely  be  attributed  to 
differences  in  the  size  of  the  inoculum,  since,  as  a  matter  of  fact,  in 
the  group  inoculated  with  the  A  strain  the  inoculum  was  considerably 
richer  in  treponemata  than  in  the  group  inoculated  with  Strain  F, 
in  which  a  much  higher  percentage  of  positive  results  was  obtained. 


TABLE  V. 

Cross-Inoculations  with  Heterologous  Strains  of  Treponema  pallidum. 


No.  of  rabbits 

Strain  of  1st 
inoculation 

Strain  of  2nd 
inoculation 

Result 

Per  cent 
positive 

Positive 

1  Negative 

14 

Nichols 

A 

2 

14 

4 

A 

Nichols 

2 

50 

15 

Nichols 

11 

73 

8 

F 

j  Nichols 

4 

■■ 

50 

Indeed  there  is  no  evidence  at  present  that  variations  in  the  size  of 
the  inoculum  influence  the  response  of  S3q)hilitic  rabbits  to  a  second 
inoculation,  although  it  is  possible  that  they  may. 

A  more  plausible  explanation  of  the  difference  in  the  behavior  of  the 
two  heterologous  strains  would  be  the  assumption  that  a  closer  biologi¬ 
cal  relationship  existed  between  the  Nichols  strain  and  Strain  A  than 
between  the  former  and  Strain  F.  The  validity  of  such  an  assumption 
would  be  strengthened  if  it  could  be  shown  that  animals  infected  with 
Strain  A  were  protected  to  a  greater  extent  against  subsequent  infec¬ 
tion  with  the  Nichols  strain  than  were  those  infected  with  Strain  F. 
Unfortunately  our  experiments  do  not  clear  up  this  point  since  they 
contained  too  few  animals  upon  which  to  base  conclusions.  However 
since  it  may  be  of  interest  to  determine  to  what  extent  they  do  throw 
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light  upon  this  matter,  we  have  assembled  all  the  cross-inoculation 
experiments  conducted  with  these  two  strains  and  the  Nichols  strain. 
They  are  shown  in  Table  V. 

As  will  be  seen  from  Table  V,  the  percentage  of  successful  second 
infections  obtained  when  rabbits  infected  with  the  Nichols  strain 
were  subsequently  inoculated  with  Strain  A  was  much  less  than  when 
Strain  F  was  used  for  reinoculation,  whereas  when  animals  infected 
with  Strain  A  or  Strain  F  were  subsequently  inoculated  with  the 
Nichols  strain  the  percentage  of  successful  second  infections  was  the 
same.  In  other  words,  although  the  Nichols  strain  appeared  to  protect 
against  infection  with  Strain  A  to  a  much  greater  extent  than  against 
Strain  F,  nevertheless  infection  with  Strain  A  did  not,  in  this  limited 
number  of  observations,  appear  to  protect  against  the  Nichols  strain 
to  a  greater  extent  that  did  infection  with  Strain  F.  Cross-protection 
was  not  complete,  therefore,  and  although  the  number  of  animals 
studied  was  perhaps  too  small  to  warrant  generalisations,  the  fact 
that  it  was  not  complete  suggests  that  if  a  biologic  relationship  exists 
between  Strain  A  and  the  Nichols  strain  it  is  at  best  one-sided  under 
the  conditions  of  the  experiment. 

One  other  possible  explanation  of  the  results  recorded  in  Table  V 
should  be  considered,  namely,  whether  relative  differences  in  virulence 
of  Strains  A  and  F  w'ould  account  for  the  differences  in  percentage  of 
successful  reinoculations  obtained  with  these  strains.  It  was  suggested 
by  Pearce  and  Brown  (3)  that  relative  differences  in  virulence  of  strains 
of  Treponema  pallidum  might  explain  superinfection  or  reinfection  with 
heterologous  strains,  and  Nothhaas  (7)  has  recently  taken  the  same 
ground.  If  this  is  the  correct  and  sole  explanation  for  the  differences 
in  behavior  of  the  two  strains,  A  and  F,  when  inoculated  in  rabbits 
previously  infected  w'ith  the  Nichols  strain,  it  follows  that  Styain  F 
is  more  virulent  than  Strain  A,  and  it  may  be  said  that  our  experience 
with  these  two  strains,  extending  over  a  period  of  3  years  or  more, 
tends  to  confirm  that  conclusion.  On  the  other  hand  the  behavior  of 
the  rabbits  first  infected  with  Strain  A  or  Strain  F  and  subsequently 
inoculated  with  the  Nichols  strain  does  not  support  that  conclusion, 
since  the  percentage  of  successful  reinoculations  with  the  latter  strain 
was  the  same  in  each  group.  However,  since  the  number  of  animals 
in  these  groups  w'as  rather  small  we  prefer  to  suspend  judgment  in 
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the  matter  until  more  data  have  been  accumulated.  It  is  possible, 
of  course,  that  biologic  relationship  between  strains  of  Treponema 
pallidum  and  relative  differences  in  their  virulence  may  each  be  a 
factor  in  determining  the  outcome  of  reinoculation  experiments  in 
which  heterologous  strains  are  employed,  and  in  that  case  it  may  be 
very  difficult  if  not  impossible  to  ascribe  to  each  factor  its  relative 
importance.  However  it  is  clearly  shown  by  these  reinoculation 
experiments  that  rabbits  infected  with  a  strain  of  T.  pallidum  which 
has  been  adapted  to  that  species  for  a  period  of  12  years  may,  in  a  high 
percentage  of  instances,  be  infected  a  second  time  with  other  strains 
which  have  been  recovered  recently  from  the  human  body  and  have 
not  had  opportunity  over  so  long  a  period  for  adaptation  to  the  rabbit. 

As  has  already  been  stated,  the  criterion  of  production  of  a  success¬ 
ful  second  infection  in  these  experiments  has  been  the  development 
of  a  characteristic  lesion  at  the  site  of  inoculation  coupled  with  the 
demonstration  of  treponemata  in  the  lesion.  Using  this  criterion  and 
taking  into  consideration  all  the  experiments,  the  number  of  successful 
reinoculations  obtained  with  heterologous  strains  amounted  to  28  in 
56,  or  50  per  cent,  whereas  the  total  number  of  successful  reinocula¬ 
tions  with  homologous  strains  was  2  in  35,  or  5.4  per  cent.  That  this 
criterion  is  inadequate  in  that  it  would  fail  to  disclose  an  asymptomatic 
reinfection  {'‘stumme’’  infection  of  Kolle)  has  been  admitted.  If 
such  asymptomatic  reinfections  occurred  in  the  experiments  they  could 
not  have  been  recognised  since,  for  reasons  already  stated,  we  were 
unable  to  determine  the  infectivity  of  the  lymph  nodes  and  internal 
organs  of  animals  in  which  no  lesions  developed  following  reinoculation 
with  heterologous  strains.  However  the  behavior  of  the  Wassermann 
reaction  in  a  number  of  the  rabbits  which,  upon  clinical  grounds,  were 
regarded  as  not  having  been  successfully  reinfected,  led  us  to  suspect 
that  a  number  of  these  animals  had  in  reality  been  reinfected  with 
heterologous  strains,  even  though  no  lesions  developed  at  the  site  of 
reinoculation.  In  order  to  show  the  grounds  for  this  suspicion  we 
have  thought  it  wise  to  record  the  behavior  of  the  Wassermann  reac¬ 
tion  in  a  number  of  treated  animals  reinoculated  with  heterologous 
strains,  where  the  test  was  performed  repeatedly  upon  the  serum  of 
the  same  animal  over  a  period  of  weeks  following  reinoculation.  These 
data  are  shown  in  4'able  VL 
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TABLE  VI. 

Behavior  of  Wassertnatm  Reaction  in  Treated  Syphilitic  Rabbits  Reinoctdated  with 
Heterologous  Strains  of  T.  pallidum. 


Wassermann  reaction 


Result  of  reinoculation 


Clinical 


0 — negative  Wassermann 

1 —  25  per  cent  fixation. 

2 —  50  per  cent  fixation. 

3 —  75  per  cent  fixation. 

4 —  100  per  cent  fixation. 
Ac — anticomplementary . 
D — died  or  discarded. 
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A  consideration  of  Table  VI  shows  that  in  13  of  29  rabbits  inocu¬ 
lated  first  with  the  Nichols  strain,  then  treated  and  subsequently 
reinoculated  with  heterologous  strains  (Strain  A  or  F)  a  characteristic 
syphilitic  lesion  developed  at  the  site  of  reinoculation.  In  all  but  1 
of  these  13  animals  the  Wassermann  reaction,  which  before  reinocula¬ 
tion  had  been  negative,  became  completely  positive  about  the  time  of 
appearance  of  the  lesion  associated  with  the  second  infection.  In 
the  16  rabbits  in  which  no  lesion  developed  at  the  site  of  reinoculation 
the  test,  which  at  first  was  negative,  became  completely  positive  in  6 
animals  (Nos.  37,  55,  59,  61,  62  and  64),  complete  fixation  being 
obtained  upon  at  least  2  or  more  occasions.  We  are  strongly  inclined 
to  the  view  that  these  animals  were  in  reality  successfully  reinoculated, 
for  in  former  experiments  dealing  with  reinoculations  with  homologous 
strains  (1)  a  close  parallelism  was  found  between  infectivity  of  lymph 
nodes  and  the  occurrence  of  a  positive  Wassermann  reaction  in  rabbits 
in  which  no  lesion  developed  at  the  site  of  reinoculation.  Of  the 
remaining  10  animals  the  serum  of  1  (No.  51)  gave  75  per  cent  fixation 
upon  one  occasion  only  and  the  sera  of  the  other  9  gave  repeated 
negative  tests  or  at  most  only  25  per  cent  fixation,  or  were 
anticomplementary. 

One  more  point  may  be  considered,  namely,  what  influence  was 
exerted  upon  the  occurrence  of  reinfections  by  the  previous  existence 
of  syphilitic  lesions  in  the  area  where  the  reinoculations  were  made. 
Zinsser  (17)  was  of  the  opinion  that  reinoculation  of  a  testis  that  had 
previously  been  the  site  of  a  syphilitic  inflammatory  process  was  less 
apt  to  3deld  a  positive  result  than  if  the  testis  had  not  previously  been 
involved.  According  to  him  a  syphilitic  lesion  when  it  healed  might 
leave  the  tissues  in  that  area  more  highly  resistant  to  second  infection 
than  other  parts  that  had  not  been  the  seat  of  s)rphilitic  inflammation. 
Our  experiments  do  not  bear  out  this  conception  since  many  successful 
reinoculations  were  obtained  with  heterologous  strains  in  instances 
where  testes  were  inoculated  which  had  previously  been  extensively 
involved  in  the  syphilitic  reaction.  In  general,  where  successful 
second  infections  were  obtained  with  heterologous  strains,  the  character 
of  the  lesion  produced  was  not  greatly  different  from  that  of  the 
controls.  It  is  true,  however,  that  in  some  of  the  animals  the  lesion 
associated  with  the  second  infection  appeared  earlier  and  was  of  the 
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abortive  type,  as  if  the  preceding  infection  had  conferred  a  slight 
resistance  upon  the  animal,  but  in  the  majority  it  was  fully  comparable 
to  that  seen  in  the  controls.  In  a  few  also  the  incubation  period  was 
prolonged  by  a  few  days  but  the  difference  in  this  respect  was  neither 
constant  nor  striking. 

SUMMARY  AND  CONCLUSIONS. 

Syphilitic  rabbits,  whether  untreated  or  treated  after  the  90th  day 
of  infection,  were  found  to  be  more  refractory  to  subsequent  inocula¬ 
tion  with  the  homologous  strain  of  Treponema  pallidum  than  to  inocula¬ 
tion  with  heterologous  strains  of  the  same  organism,  when  clinical 
criteria  alone  were  employed  in  judging  the  outcome  of  reinoculation. 
The  incidence  of  second  infection  with  homologous  strains  was  5.4 
per  cent,  as  against  50  per  cent  with  heterologous  strains. ^  The 
resistance  which  develops  in  rabbits  during  the  course  of  a  syphilitic 
infection  appears  therefore  to  be  strain-speciffc  rather  than  species- 
specific.  The  protection  afforded  against  homologous  strains  was 
found  to  persist  for  at  least  as  long  as  6  months  after  treatment  was 
discontinued. 

A  given  strain  may  afford  a  higher  degree  of  protection  against 
some  strains  than  against  others,  but  whether  this  is  to  be  explained 
upon  the  basis  of  biologic  relationship  or  of  differences  in  virulence,  or 
possibly  as  the  result  of  both  of  these  factors  was  not  disclosed  by  the 
experiments.  Rabbits  infected  with  a  strain  (Nichols)  which  had 
been  adapted  to  this  species  for  over  a  decade  could  be  infected  with 
strains  which  had  been  recovered  recently  from  the  human  body. 
The  previous  existence  of  a  syphilitic  lesion  in  the  testis  which  was 
used  as  the  site  for  reinoculation  did  not  seem  to  exert  any  influence 
upon  the  incidence  of  successful  second  infections  obtained  with 
heterologous  strains  of  Treponema  pallidum.  Sometimes  the  course  of 
the  second  infection  produced  by  inoculation  with  heterologous  strains 

^  In  this  respect  it  is  of  interest  to  call  attention  to  some  recent  inoculation 
experiments  upon  untreated  syphilitic  human  beings,  carried  out  by  Hashimoto 
(19).  This  observer  noted  a  higher  percentage  of  positive  results  when  patients 
with  untreated  syphilis  were  inoculated  with  syphilitic  virus  from  other  patients 
than  when  inoculated  with  their  own  virus. 
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was  less  pronounced  than  that  observed  in  the  controls,  but  in  most 
instances  no  significant  alteration  was  observed. 

In  syphilitic  rabbits  treated  late  in  the  course  of  the  disease  and  re¬ 
inoculated  with  heterologous  strains  of  Treponema  pallidum  no  lesion 
may  develop  at  the  site  of  reinoculation  but  nevertheless  the  Wasser- 
mann  reaction  may  become  positive  and  remain  so  for  weeks  thereafter. 
It  is  suggested  that  such  animals  may  be  examples  of  asymptomatic 
reinfection. 
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VII.  The  Relation  or  Opsonins  to  Natural  Resistance  against 
Pneumococcus  Infection.* 

By  OSWALD  H.  ROBERTSON,  M.D.,  and  RICHARD  H.  P.  SIA,  M.D. 

{From  the  Department  of  Medicine,  Peking  Union  Medical  College, 

Peking,  China) 

(Received  for  publication,  April  25,  1927.) 

It  seems  not  improbable  that  the  filling  in  of  some  of  the  many 
gaps  in  our  knowledge  of  the  mechanism  of  recovery  from  bacterial 
disease  and  acquired  immunity  may  depend  primarily  upon  a  clearer 
understanding  of  the  processes  by  which  the  naturally  resistant  animal 
defends  itself  against  pathogenic  microorganisms.  Information  con¬ 
cerning  the  nature  of  these  processes  is  as  yet  largely  general  in  char¬ 
acter.  Although  it  has  been  long  recognized  that  the  body  is  capable 
of  certain  well  defined  antibacterial  responses,  the  exact  r61e  they  play 
in  the  destruction  of  the  different  species  of  invading  bacteria  remains 
for  the  most  part  unknown.  The  search  for  immunity  factors  under¬ 
lying  natural  resistance  has  proved  particularly  baffling  as  reactions 
shown  characteristically  by  the  body  cells  or  fluids,  following  recovery 
from  an  infection,  have  been  found  to  be  absent  or  to  occur  only 
irregularly  in  the  naturally  immune  animal. 

A  review  of  the  literature  on  natural  immunity  to  the  pneumococcus 
reveals  clearly  this  lack  of  a  uniform,  or  even  at  times  detectable, 
response  by  the  pneumococcus-resistant  body.  The  reaction  observed 
to  occur  most  constantly  in  studies  on  this  subject  is  phagocytosis, 
but  while  certain  workers  have  found  that  virulent  pneumococci 
injected  into  the  tissues  of  pneumococcus-resistant  animals  were 
promptly  and  constantly  engulfed  by  the  leucocytes  (1,  2),  others, 
apparently  employing  similar  experimental  conditions,  have  noted 
phagocytosis  to  be  variable  (3)  or  even  absent  (4).  Furthermore, 

*  Read  before  the  Sixth  Congress  of  the  Far  Eastern  Association  of  Tropical 
Medicine,  held  in  Tokyo,  Japan,  October,  1925. 
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doubt  has  been  cast  on  the  assumption  that  phagocytosis  is  to  be 
considered  the  chief,  or  perhaps  even  a  very  important,  means  of 
antipneumococcus  defense,  by  the  lack  of  any  evidence  to  show  that 
the  serum  of  resistant  animals  possesses  greater  phagocytosis-promot¬ 
ing  power  or  that  their  leucocytes  are  more  actively  phagocytic  than 
the  serum  and  leucocytes  of  susceptible  animals.  Indeed  highly 
virulent  pneumococci  have  been  found  to  be  uniformly  resistant  to 
phagocytosis  in  vitro  except  in  the  presence  of  specific  antipneumococ¬ 
cus  serum  (5-8).  Attempts  to  protect  susceptible  animals  against 
infection  with  the  serum  of  highly  resistant  mammals  have  not  been 
successful. 

The  failure  to  find  humoral  defense  substances  in  the  resistant 
animal’s  blood  and  the  inconclusive  results  of  the  observations  on 
phagocytosis  led  investigators  to  test  the  action  of  leucocyte  extracts 
on  the  pneumococcus,  since  it  seemed  certain  that  the  leucocytes  must 
play  a  r61e  in  the  defense  against  this  organism.  It  was  found  that 
pneumococci  seeded  into  extracts  of  leucocytes  failed  to  grow  and  were 
either  reduced  in  numbers  or  disappeared  entirely  (9-11).  Fur¬ 
thermore,  leucocyte  extracts  injected  during  the  course  of  experimental 
pneumococcus  infection  were  considered  to  have  influenced  the  course 
of  the  disease  favorably  (12).  Pointing  toward  the  primary  impor¬ 
tance  of  cellular  activity  in  the  antipneum.ococcus  defense  mechanism 
is  the  further  observation  that  in  the  pigeon  certain  of  the  large  fixed 
tissue  cells  play  an  active  part  in  removal  by  phagocytosis  of  injected 
pneumococci  (13).  The  above  findings  have  given  rise  to  the  view 
quite  widely  held  that  natural  immunity  to  the  pneumococcus,  in 
common  with  other  pathogenic  bacteria,  depends  on  certain  funda¬ 
mental  characteristics  of  the  body  cells  and  not  on  circulating 
antibodies  (14-16).  • 

However,  of  recent  years  evidence  has  been  accumulating  to  indicate 
that  natural  resistance  to  pneumococcus  infection  may  depend  much 
more  on  humoral  defense  elements  than  was  formerly  thought. 

As  long  ago  as  1910  Neufeld  and  Handel  (17)  found  that  the  blood  serum  of 
some  normal  humans  protected  mice  against  otherwise  fatal  doses  of  pneumococci. 
Cecil  and  Austin  (18)  showed  a  protective  action  in  the  serum  of  one  out  of  sixteen 
normal  humans  tested.  Recently  Clough  (19)  in  an  extensive  study  of  the  pro¬ 
tective  properties  in  normal  human  serum  of  individuals  without  antecedent 
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history  of  pneumonia,^  demonstrated  definite  protective  power  in  11  of  22  sera 
tested,  against  one  or  more  of  the  three  fixed  types  of  pneumococcus.  The  degree 
of  protective  power  was  usually  slight  but  in  five  instances  the  serum  protected 
against  from  1000  to  100,000  h.l.d.  He  failed  to  find  opsonic  or  agglutinative 
action  in  any  of  these  sera.  Burhans  and  Gerstenberger  (20)  studied  the  anti- 
pneumococcal  protective  power  of  both  mothers’  and  infants’  blood  serum  and 
found  protective  properties  in  30  to  40  per  cent  of  more  than  100  cases  tested. 
Bull  and  McKee  (21)  in  1921  showed  that  chicken  serum  conferred  on  mice  well 
marked  protection  against  many  times  the  lethal  dose  of  highly  virulent  pneumo¬ 
cocci  of  all  four  types.  They  were  able  to  isolate  the  protective  substance  from 
the  serum  in  the  water-insoluble  globulin  fraction.  In  a  study  of  the  mechanism 
of  natural  immunity  in  the  dog.  Bull  (22)  found  that  highly  virulent  pneumococci 
injected  into  the  blood  stream  were  agglutinated  and  carried  to  the  liver  and 
spleen  principally.  He  was  unable,  however,  to  demonstrate  in  vitro  either  agglu¬ 
tinins  or  opsonins  in  the  dog’s  serum. 

Thus  while  the  findings  summarized  above  show  that  here  and  there 
among  the  pneumococcus-resistant  animal  species  certain  body  reac¬ 
tions  against  the  pneumococcus  have  been  detected,  they  give  no 
indication  that  there  exists  a  common  means  of  protection,  or  anti¬ 
pneumococcus  reactive  process,  even  among  the  mammals.  Our 
finding,  reported  in  an  earlier  paper  (23),  of  a  constantly  demonstrable 
pneumococcidal  action  in  the  blood  of  the  dog  and  the  cat  for  highly 
virulent  strains  which  the  blood  of  susceptible  animals  failed  to  show, 
together  with  Woo’s  (24)  demonstration  of  a  similar  action  in  rab¬ 
bits’  blood  against  pneumococci  of  low  virulence  for  the  rabbit,  suggests 
that  animals  naturally  immune  to  pneumococcus  infection  do  possess  a 
common  means  of  defense  against  this  organism.  In  previous  studies 
no  attempt  was  made  to  determine  the  exact  nature  of  the  pneumococ¬ 
cus-destroying  power  of  the  blood  further  than  to  observe  that  this 
property  did  not  reside  in  the  serum  alone  nor  in  the  leucocytes  with 
inactivated  serum.  It  appears  to  depend  on  the  combined  action  of 
the  fresh  serum  and  leucocytes.  It  was  the  purpose  of  the  present 
investigation  to  study  the  mechanism  of  this  reaction  and  to  deter¬ 
mine  if  possible  whether  the  differences  in  blood  pneumococcidal 
activity  shown  by  the  various  animal  species  depend  on  differences 
in  the  serum  constituents  or  on  the  character  of  the  leucocytes. 

'  One  person  gave  a  history  of  pneumonia  many  years  previously. 
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Technique. 

The  basis  of  the  technique  employed  in  carrying  out  the  phagocytic  tests  was 
that  originally  described  by  Wright  and  Douglas  (25).  It  was  found  necessary, 
however,  to  modify  this  procedure,  particularly  in  regard  to  two  points — the 
preparation  of  the  leucocytes  and  the  growth  phase  of  the  organisms. 

Leucocytes. — The  leucocytes  employed  in  the  following  experiments  were  ob¬ 
tained  from  aleuronat  exudates  withdrawn  from  the  pleural  cavity  15  to  18  hours 
after  injection  of  the  aleuronat.  The  solutions  used  for  suspension  and  washing 
were  the  same  as  those  employed  in  the  former  work  \vith  growth  inhibition  tests 
(23).  After  the  second  washing  in  gelatin-salt  solution  the  leucocytes  were  sus¬ 
pended  in  gelatin-Locke’s  solution  and  were  ready  for  use.  A  standard  suspension 
was  made  such  that  each  c.mm.  contained  50,000  white  blood  cells.  In  order  to 
prevent  clumping  of  the  leucocytes  it  was  found  necessary  to  mix  red  blood  cells 
with  them.  After  the  leucocytes  had  been  counted,  and  before  the  first  centri¬ 
fugation,  0.75  to  1.5  cc.  of  a  mixture  of  equal  parts  of  blood  and  1  per  cent  citrate- 
0.9  per  cent  salt  solution  were  added  to  the  suspension,  the  quantity  added  depend¬ 
ing  on  the  richness  of  the  exudate.  Centrifugation  was  carried  on  at  low  speed 
and  for  as  short  a  time  as  necessary  to  completely  sediment  the  corpuscles. 

All  glassware  with  which  the  leucocytes  came  into  contact  was  cleaned  with 
especial  care,  according  to  the  technique  described  in  the  former  publication  re¬ 
ferred  to.  The  leucocytes  were  always  used  fresh  and  were  kept  on  ice  until 
actually  employed  in  the  pipette  mixtures. 

Organisms. — The  Type  I  pneumococcus  employed  in  Experiments  1  to  5  was 
a  strain  originally  isolated  from  a  patient  mth  lobar  pneumonia  and  kept  for  a 
number  of  years  in  blood  broth  with  an  occasional  animal  passage.  Immediately 
before  the  beginning  of  the  present  work  it  was  passed  rapidly  through  ten  rabbits 
and  its  virulence  for  rabbits,  guinea  pigs,  dogs  and  cats  tested  with  the  following 
results:  0.0000001  cc.  killed  1500  to  1600  gm.  rabbits  in  24  to  36  hours;  0.000001 
cc.  killed  guinea  pigs  of  470  gm.  in  15  days;  2.5  cc.  to  5  cc.  killed  dogs  weighing 
from  15  to  20  kilos  in  24  to  48  hours;  1  cc.  to  5  cc.  killed  cats  of  2000  to  2500  gm. 
in  48  hours.^  During  the  progress  of  the  work  this  strain  was  passed  through  a 
rabbit  approximately  once  a  month  in  order  to  eliminate  avirulent  members 
which  might  appear  in  the  culture. 

The  Pneumococcus  Type  II  used  in  Experiment  6  was  a  strain  secured  from 
The  Rockefeller  Institute,  originally  isolated  from  a  case  of  lobar  pneumonia  and 
designated  as  D  39.  Even  after  passage  through  a  series  of  rabbits,  its  virulence 
for  this  animal  remained  low — 0.1  to  0.01  cc.  was  required  to  kill  rabbits  of  1500 
to  1800  gm. 

*  This  was  the  most  virulent  organism  we  had  in  our  possession.  Other  strains 
of  T)q)es  II,  III  and  IV  were  much  less  virulent  and  hence  less  suitable  for  the 
purposes  of  this  work. 
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The  growth  phase,  media  employed  and  suspension  of  pneumococci  for  use 
will  be  dealt  with  in  the  first  two  experiments. 

Sensitization. — ^After  thorough  mixture  of  pneumococcus  suspension  with  serum 
in  a  15  cc.  centrifuge  tube,  sensitization  was  carried  on  in  the  water  bath  at  37°C. 
for  1  hour  unless  otherwise  stated.  The  organisms  were  then  sedimented  by 
centrifugation  at  high  speed  for  1  hour,  the  serum  next  completely  removed  and 
the  pneumococci  taken  up  in  sufficient  Locke’s  solution  pH  7.6  to  make  a  sus¬ 
pension  somewhat  more  concentrated  than  that  originally  added. 

Opsonic  Test. — Wright’s  capillary  pipettes  and  technique  of  making  mixtures 
were  used.  The  pipettes  were  sealed  with  paraffin  and  incubated  for  45  minutes. 
After  opening,  the  supernatant  fluid  was  expelled  gently  and  only  a  small  amount 
used  to  wash  out  the  sedimented  cells.  In  this  way  a  thick  cell  suspension  was 
obtained.  Films  were  made  on  cover-slips  22  X  35  mm.  and  stained  with  Cross’s 
stain.  To  estimate  the  degree  of  phagocytosis,  100  leucocytes  were  counted  in 
each  preparation.  The  per  cent  of  leucocytes  taking  part  in  phagocytosis,  as 
well  as  the  number  of  leucocytes  containing  5  or  more  pairs  of  pneumococci, 
were  recorded.  In  some  experiments  counts  of  the  per  cent  of  leucocytes  con¬ 
taining  20  or  more  pairs  were  made.  Wright’s  phagocytic  index  was  not  de¬ 
termined.  In  order  to  estimate  the  variation  in  counts  from  pipette  to  pipette, 
and  in  different  preparations  from  the  same  pipette,  counts  were  made  on  a  num¬ 
ber  of  pipettes  containing  the  same  mixture  of  serum,  leucocytes  and  pneumo¬ 
cocci.  The  amount  of  variation  in  the  counts  thus  made  was  found  to  be  condi¬ 
tioned  chiefly  by  the  degree  of  phagocytosis  occurring.  With  a  mixture  showing 
marked  phagocytosis,  the  counts  from  pipette  to  pipette  were  surprisingly  uniform 
— the  variation  was  usually  not  more  than  5  to  10  per  cent.  But  as  the  intensity 
of  phagocytosis  lessened,  the  differences  between  pipettes  increased  until  fluctua¬ 
tions  of  25  to  50  per  cent  above  or  below  might  be  expected  with  mixtures  yielding 
only  slight  phagocytosis.  Relatively  little  difference  was  found  between  counts 
on  duplicate  preparations  from  the  same  pipette.  Spontaneous  phagocytosis  of 
unsensitized  pneumococci  was  practically  absent. 

EXPERIMENTAL. 

Concentration  of  Normal  Antipneumococcus  Opsonins  in  Dog  Serum. 

Since  it  seemed  most  probable  that  the  pneumococcidal  power  of 
the  blood  of  naturally  resistant  animals  was  to  be  explained  by 
phagocytosis  and  intracellular  digestion,  investigation  of  the  opsonic 
properties  of  the  serum  and  phagocytic  activities  of  the  leucocytes 
was  undertaken  first.  The  consistently  negative  results  of  previous 
investigators  indicated  clearly,  however,  that  no  further  information 
could  be  gained  by  carrying  out  phagocytic  tests  in  the  usual  way. 
A  clue  to  the  correct  method  of  approach  was  afforded  by  the  quanti- 
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tative  nature  of  the  pneumococcus-destroying  action  shown  by  the 
serum-leucocyte  mixtures.  Given  a  fixed  amount  of  serum,  the  num¬ 
ber  of  pneumococci  killed  never  exceeded  a  definite  maximum  amount 
of  standard  pneumococcus  suspension,  which  was  quite  small  in 
comparison  with  the  quantity  of  serum  used.  The  number  of  leuco¬ 
cytes  could  be  varied  widely  without  influencing  the  result.  This 
made  it  seem  likely  that  if  opsonic  action  played  a  part  in  the  process, 
it  could  be  demonstrated  only  by  employing  a  relatively  large  ratio 
of  serum  to  pneumococci.  In  the  following  experiment  a  fixed  quan¬ 
tity  of  pneumococcus  suspension  was  sensitized  with  varying  amounts 
of  dog  serum  and  the  resulting  degree  of  phagocytosis  by  dog 
leucocytes  observed. 

TABLE  I. 

Concentration  of  Normal  Opsonins  in  Dog  Serum. 


Dog-serum-sensiLized  pneumococci  -f-  dog  leucocytes  -f-  dog  serum  1:5  dilution. 


Quantitir  of  do^  serum  used 
for  sensitization 
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Amount  of  pneumococcus 
suspension 

Degree  of  phagocytosis 

Per  cent  of  leucocytes 
taking  part 
in  phagocytosis 
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S  or  more  pairs 

CC.  1 
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.  5.0  1 

0.1 

99 

96 
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u 

87 

62 

1.0 

<< 

45 

12 

0.1 

ii 

0 

0 

Control  with  unsensit 

ized  pneumococci . 

0 

0 

Experiment  1. — (Table  I.)  A  normal  dog  weighing  16  kilos  was  bled  for  serum 
just  before  injection  of  aleuronat  on  day  preceding  test.  The  serum  was  kept  in 
the  ice  box  overnight.  The  organisms,  cultured  in  1  per  cent  rabbit  serum  broth, 
and  having  passed  through  the  phase  of  active  growth,  were  freed  from  their  cul¬ 
ture  fluid  by  centrifugation,  then  suspended  in  gelatin-Locke’s  solution  pH  7.8. 
The  density  of  the  suspension  was  approximately  that  of  the  standard  suspension 
used  in  former  experiments  (23).  Actual  standardization  was  not  made.  The 
pneumococci  sedimented  from  the  sensitizing  serum  showed  well  marked  clump¬ 
ing  in  all  but  the  tube  containing  the  smallest  quantity  of  serum.  The  agglu¬ 
tinated  mass  coilld  be  broken  up  fairly  easily  with  a  capillary  pipette  in  the 
gelatiii-Locke’s  solution.  However,  with  the  largest  amount  of  serum  small 
clumps  still  remained.  The  phagocyting  cells  were  almost  entirely  polymorpho- 
nuclears.  Only  an  occasional  active  monocyte  seen. 
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The  results  of  the  above  experiment  are  shown  in  Table  I.  It  was 
found  that  with  a  ratio  of  sensitizing  serum  to  pneumococcus  suspen¬ 
sion  of  50  to  1,  marked  phagocytosis  occurred.  Practically  all  the 
leucocytes  were  packed  with  organisms.  Diminishing  the  quantity 
of  sensitizing  serum  resulted  in  a  progressive  decrease  of  phagocytosis 
until,  with  equal  parts  of  serum  and  pneumococcus  suspension, 
phagocytosis  no  longer  occurred.  A  comparison  of  the  figures  under 
per  cent  of  leucocytes  containing  five  or  more  pairs  gives  a  more  ac¬ 
curate  idea  of  the  relative  degree  of  phagocytosis  than  do  the  per¬ 
centages  in  the  first  column.  Repetitions  of  this  experiment  with 
both  dog  and  cat  serum  under  identical  conditions  gave  essentially 
the  same  results. 

The  Effects  of  Growth  Phase  and  Culture  Fluid  on  Opsonic  Action. 

In  further  experiments  on  the  opsonic  action  of  dog  and  cat  serum, 
marked  variations  in  the  degree  of  resulting  phagocytosis  were  noted 
from  test  to  test.  These  variations  appeared  to  be  greater  than  could 
be  accounted  for  by  individual  differences  in  the  animals  providing 
the  serum.  It  was  then  observed  in  several  experiments  in  which 
the  degree  of  phagocytosis  was  relatively  low  that  the  pneumococci 
used  were  in  the  active  growth  phase  and  continued  to  grow  in  the 
sensitizing  serum.  This  led  to  a  consideration  of  the  effect  of  growth 
state  an  opsonization  and  phagocytosis.  In  the  preceding  paper  one 
of  us  (26)  showed  that  the  soluble  specific  substance  of  the  pneumococ¬ 
cus,  both  in  purified  form  and  in  the  filtrate  of  actively  growing  cul¬ 
tures,  could  inhibit  to  a  marked  degree  the  pneumococcidal  action  of 
normal  serum-leucocyte  mixtures.  The  nature  of  this  inhibiting  effect 
was  not  investigated  at  that  time  but  it  was  considered  most  probably 
to  be  an  interference  with  opsonization  analogous  to  the  action  of 
Rosenow’s  “virulin”  (27).  In  spite  of  the  fact  that  the  organisms 
used  in  the  present  experiments  had  been  separated  from  their  growth 
products  before  use,  it  seemed  not  improbable  that  an  actively 
growing  highly  virulent  pneumococcus  might  elaborate,  during  the 
period  of  suspension  in  the  sensitizing  serum,  sufficient  soluble  sub¬ 
stance  to  protect  itself  partially  or  completely  against  the  action  of 
normal  opsonins.  The  possibility  also  existed  that  the  growth  prod¬ 
ucts  of  pneumococci  might  affect  the  leucocytes  so  as  to  diminish 
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their  phagocytic  activity,  although  the  result  of  previous  work  made 
this  seem  unlikely.  The  next  experiment  was  devised  to  test  the 
effect  of  growth  phase  and  soluble  substance  on  the  phagocytic  ac¬ 
tivity  of  normal  dog  serum  and  leucocytes. 


TABLE  II. 

Effect  of  Growth  Phase  and  Culture  Fluid  on  Opsonic  Activity  of  Dog  Serum. 


Dog-serum-sensitized  pneumococci  -f  dog  leucocytes  -f  dog  serum  1 : 5  dilution. 
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Experiment  2. — (Table  II.)  Serum  and  leucocytes  secured  as  in  Experiment  1 
from  a  normal  dog  weighing  17  kilos.  To  obtain  pneumococci  suitable  for  study¬ 
ing  the  lag  state,  seedings  were  made  into  flasks  containing  meat  infusion  broth  to 
a  depth  of  l.S  cm.®  The  growth  phase  was  tested  by  replanting  a  small  quantity 

®The  employment  of  a  relatively  large  surface  area  of  culture  fluid  for  the 
purpose  of  constant  and  early  cessation  of  active  growth  was  suggested  by  Avery’s 
work  on  the  occurrence  of  peroxide  in  pneumococcus  cultures  (Avery,  O.  T.,  and 
Morgan,  H.  J.,/.  Exp.  Med.,  1924,  xxxix,  275).  A  small  quantity  of  dextrose, 
0.05  per  cent,  was  added  to  the  broth  on  account  of  the  very  low  sugar  content  of 
broth  made  from  North  China  beef. 
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of  the  culture,  freed  from  its  fluid,  into  50  per  cent  rabbit  serum  broth.  Growth 
was  easily  detectable  macroscopicaUy  by  comparison  with  a  control  suspension 
kept  in  the  ice  box.  It  was  found  that  0.05  cc.  of  an  actively  growing  culture 
seeded  into  33  cc.  of  broth  contained  in  a  100  cc.  Erlenmeyer  flask,  which  gave  the 
desired  depth  of  fluid,  usually  completed  its  active  growth  after  16  to  18  hours  in¬ 
cubation.  Plates  of  dilutions  of  these  cultures  showed  that  for  a  period  of  2  to 
3  hours  after  growth  had  ceased  there  was  no  appreciable  diminution  in  the  num¬ 
ber  of  colonies.  Several  flasks  were  seeded  the  day  before  the  test  at  times 
appropriate  to  give  cultures  of  14,  16,  18  and  20  hours.  The  youngest  culture 
showing  no  growth  in  the  rabbit  serum  broth  at  the  end  of  2  hours  was  chosen 
for  the  test. 

The  actively  growing  culture  used  was  a  14  hour  test-tube  growth.  The  super¬ 
natant  fluid  of  this  culture,  centrifuged  until  microscopically  free  from  pneumo¬ 
cocci,  was  employed  in  the  experiment.  Suspensions  of  the  organisms  were  made 
as  in  the  preceding  experiment. 

The  growth  phase  of  the  organism  was  found  to  exert  a  marked 
effect  on  the  degree  of  phagocytosis  of  pneumococci  by  dog  serum  and 
leucocytes  (Table  II).  Pneumococci  in  the  state  of  lag  during  sen¬ 
sitization  were  subsequently  engulfed  to  a  much  greater  extent  than 
were  the  organisms  which  continued  to  grow  actively  during  this 
period.  The  contrast  between  active  growth  and  lag  phase  is  shown 
most  strikingly  by  the  pneumococci  sensitized  for  1  hour,  which  gave 
the  maximum  amount  of  phagocytosis  of  the  lag  organisms  but  re¬ 
sulted  in  only  a  very  moderate  degree  of  ingestion  of  the  actively 
growing  pneumococci.  The  effect  of  growth  during  sensitization  is 
further  shown  by  a  comparison  of  the  phagocytosis  percentages  of 
actively  growing  organisms  sensitized  for  varying  periods  of  time. 
An  hour’s  sensitization  gave  considerably  less  phagocytosis  than  did 
the  15  and  30  minute  periods. 

The  addition  to  the  sensitizing  serum  of  a  small  quantity  of  the 
supernatant  fluid  of  the  actively  growing  culture  reduced  considerably 
its  opsonic  action  on  pneumococci  in  the  lag  phase.  (Compare 
Pipettes  1  and  8,  Table  II.)  That  the  pneumococcus  soluble  sub¬ 
stance  acts  primarily  on  the  opsonins  and  not  on  the  leucocytes  is 
indicated  by  the  fact  that  culture  fluid  mixed  with  leucocytes  and 
previously  sensitized  organisms  did  not  retard  to  any  extent  the  re¬ 
sulting  phagocytosis.  The  difference  between  Pipettes  1  and  7  can 
be  accounted  for  by  the  increased  amount  of  fluid  in  Pipette  7,  which 
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always  lowers  the  phagocytosis  percentage  a  little.  In  further  experi¬ 
ments  it  was  found  that  by  progressively  increasing  the  amounts  of 
culture  fluid  in  the  sensitizing  serum,  opsonic  action  could  be  almost 
completely  inhibited.  Broth  in  equivalent  amounts  produced  no  such 
effect.'*  This  result  is  quite  in  accord  with  Rosenow’s  findings. 

Phagocytosis  of  Pneumococci  Sensitized  by  Alien  Serum. 

Having  determined  those  factors  which  influence  phagocytosis  so 
markedly  in  homologous  serum-leucocyte  mixtures,  the  next  step  was 

TABLE  III. 

Comparative  Opsonic  and  Phagocytic  Activity  of  Serum  and  Leucocytes 
of  Dog  and  Rabbit. 

Sensitized  piieumococcci  +  leucocytes  -1-  serum  diluted  1:5. 
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to  ascertain  whether  the  opsonins  of  the  resistant  animals  sensitize 
the  pneumococcus  for  phagocytosis  generally,  as  do  immune  opsonins, 
or  whether  they  are  effective  only  with  their  own  leucocytes.  One 
of  the  chief  difficulties  met  with  in  carrying  out  such  tests  lies  in  the 
injurious  action  of  alien  serum  on  the  leucocytes.  Hence  in  the  fol¬ 
lowing  experiment  in  which  pneumococci  were  sensitized  with  dog 

*  The  effect  of  pneumococcus  soluble  substance  on  opsonic  action  will  be  taken 
up  in  detail  in  a  further  communication. 
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serum  and  tested  with  rabbit  leucocytes,  special  precautions  were 
taken  to  remove  the  serum  as  completely  as  possible  from  the  sensi¬ 
tized  organisms. 

Experitnent  3. — (Table  III.)  Serum  and  leucocytes  from  a  dog  weighing  24 
kilos.  Rabbit  serum  from  a  rabbit  weighing  1650  gm.  Rabbit  leucocytes  from 
another  animal  of  the  same  weight.  Dog  serum  inactivated  by  heating  at  56°C. 
for  30  minutes.  Pneumococci,  for  sensitization  in  the  lag  phase,  were  prepared 
as  in  the  preceding  experiment.  After  centrifugation  the  last  portion  of  the 
supernatant  serum  was  removed  with  a  fine  capillary  pipette.  Next,  the  surface 
of  the  sediment  and  the  lower  2  to  3  cm.  of  the  walls  of  the  centrifuge  tube  were 
washed  with  a  small  quantity  of  gelatin-Locke’s  solution  pH  7.4  run  in  slowly 
with  the  tube  tilted  almost  horizontal.  This  fluid  was  removed  with  a  capillary 
pipette  and  more  gelatin-Locke’s  added  for  suspension.  The  dog-serum-sensi¬ 
tized  pneumococci  showed  moderate  clumping.  No  agglutination  of  the  organisms 
suspended  in  the  rabbit  serum  was  seen.  No  hemolysis  or  clumping  of  rabbit 
cells  was  observed  in  the  capillary  pipette  mixtures.  Slight  hemolysis  and  methe- 
moglobin  formation  occurred  in  all  the  pipettes  containing  dog  cells. 

Virulent  pneumococci  sensitized  by  dog  serum  as  in  the  above 
experiment  were  engulfed  by  rabbit  leucocytes  to  a  marked  degree 
(Table  III).  Many  of  the  leucocytes  were  packed  with  organisms. 
In  striking  contrast  is  the  absence  of  phagocytosis  of  rabbit-serum- 
treated  pneumococci  by  either  dog  or  rabbit  leucocytes.  The  failure 
of  dog  leucocytes  to  ingest  unsensitized  organisms  would  indicate  that 
the  behavior  of  these  cells  in  the  presence  of  unaltered  virulent  pneu¬ 
mococci  does  not  differ  essentially  from  that  of  rabbit  leucocytes. 
The  greater  activity  shown  by  dog  leucocytes  for  the  dog-serum- 
sensitized  pneumococci  may  be  accounted  for  by  a  certain  degree  of 
cytotoxic  action  of  dog  serum  on  the  rabbit  leucocytes.  In  other 
similar  experiments  analogous  results  have  been  obtained.  Tests  of 
the  comparative  phagocytic  activity  of  dog  and  rabbit  leucocytes  in 
the  presence  of  specific  antipneumococcus  horse  serum,  1 : 200  dilution, 
have  shown  rabbit  leucocytes  to  be  fully  as  active  as  dog  leucocytes. 
Inactivation  of  the  dog  serum  largely  destroyed  its  opsonic  activity. 

The  growth  state  of  the  pneumococcus  was  found  to  exert  a  more 
pronounced  effect  on  heterologous  than  on  homologous  serum-leu¬ 
cocyte  systems.  Rabbit  leucocytes  showed  relatively  little  phagocy¬ 
tic  activity  for  actively  growing  pneumococci  sensitized  by  dog  serum. 
That  the  greater  phagocytability  of  these  organisms  when  sensitized 
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during  the  lag  phase,  was  not  due  to  impaired  vitality  was  determined 
by  rabbit  virulence  tests  which  showed  them  to  be  quite  as  virulent 
as  the  actively  growing  pneumococci. 

Occurrence  of  Opsonic  Activity  in  Sera  of  Cat,  Sheep,  Pig  and  Horse. 

Tests  were  next  undertaken  to  determine  whether  the  serum  of 
other  animals  naturally  resistant  to  the  pneumococcus  likewise  pos¬ 
sessed  opsonins  for  this  organism,  and  whether  the  difference  in 
phagocytic  activity  between  their  serum  and  leucocytes  and  those  of 
susceptible  animals  lay  also  in  the  humoral  rather  than  in  the  cellular 
elements  of  the  blood.  For  this  purpose  the  cat,  sheep,  pig  and  horse 
were  chosen  to  represent  a  wide  variety  of  the  resistant  animals,  while 
the  human,  rabbit  and  guinea  pig  were  employed  as  typically  suscep¬ 
tible  ones. 

Experiment  4. — (Table  IV.)  The  data  assembled  in  Table  IV  represent  three 
separate  experiments.  The  cat,  sheep  and  rabbit  elements  were  tested  at  one 
time,  the  pig,  horse,  human  and  rabbit  at  another,  and  the  pig,  guinea  pig  and 
rabbit  at  still  a  third.  The  animals  employed  were  large,  normal  and  full  grown 
adults.  The  human  serum  was  obtained  from  two  normal  individuals.  Agglu¬ 
tination  was  present  in  all  the  tubes  with  sera  of  resistant  animals,  but  none 
occurred  in  the  sera  of  susceptible  animals.  No  hemolysis  was  observed  in  the 
cross  phagocytic  tests.  Predominantly  active  cells  were  polymorphonuclears. 

The  uniform  occurrence  in  the  serum  of  all  the  pneumococcus-re¬ 
sistant  animals  tested  of  opsonic  activity  that  can  be  demonstrated 
not  only  with  its  own  but  with  leucocytes  of  alien  species,  both  re¬ 
sistant  and  susceptible,  is  strikingly  shown  in  Table  IV.  The  lack  of 
phagocytic  activity  on  the  part  of  the  leucocytes  of  resistant  animals, 
for  pneumococci  exposed  to  the  action  of  susceptible  animal’s  serum, 
is  equally  noteworthy.  The  varying  degrees  of  phagocytosis  shown 
by  the  seriun  and  leucocytes  of  the  different  animals  are  no't  to  be 
taken  as  strictly  comparative  of  the  opsonic  content  of  their  sera  even 
when  tested  at  the  same  time  against  the  same  alien  leucocytes  be¬ 
cause  of  certain  variable  factors  which  cannot  be  readily  controlled, 
such  as  intensity  of  agglutination  and  cytotoxic  action.  However, 
the  purpose  of  the  present  work,  namely,  to  determine  the  differences 
between  the  seriun  and  leucocytes  of  resistant  and  susceptible  animals 
with  respect  to  their  opsonic  and  phagocytic  activities  is  fulfilled  by 
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the  conditions  of  the  above  experiments.  Numerous  repetitions  of 
different  parts  of  Experiment  4  gave  essentially  the  same  results. 

TABLE  IV. 


Opsonic  Action  of  Serum  of  Resistant  and  Susceptible  Animals. 
Sensitized  pneumococci  +  leucocytes  +  serum  diluted  1:5. 


Degree  of  phagocytosis 

Amount 

Kind  and  quantity  of  sensitizing  serum 

of  pneumo¬ 
coccus 

Leucocytes 

Serum 
diluted  1 : 5 

Per  cent  of 
leucocytes 

Per  cent  of 
leucocytes 

taking  part 

containing 

in  phaj^o- 

5  or  more 

cytosis 

pairs 

Cat  10  cc. 

cc. 

0.1 

Cat 

Cat 

96 

91 

a  a  u 

it 

Rabbit 

Rabbit 

56 

29 

Sheep  10  cc. 

it 

Cat 

Cat 

89 

74- 

U  it  U 

it 

Rabbit 

Rabbit 

66 

44 

Resistant 

Pig  10  cc. 

t( 

Pig 

Pig 

91 

86 

animals 

(t  it  U 

t( 

Dog 

Dog 

S3 

33 

li  u  « 

“ 

Rabbit 

Rabbit 

83 

73 

((  n  u 

ti 

Guinea 

Guinea 

96 

88 

pig 

pig 

Horse  10  cc. 

it 

Rabbit 

Rabbit 

27 

19* 

Rabbit  10  cc. 

if 

Rabbit 

Rabbit 

0 

0 

U  ((  U 

ti 

Sheep 

Sheep 

0 

0 

a  u  u 

it 

Cat 

Cat 

0 

0 

Susceptible 

Guinea  pig  10  cc. 

it 

Guinea 

Guinea 

11 

0 

animals  ] 

pig 

pig 

a  «  u  « 

Pig 

Pig 

5 

0 

it  it  it  it 

if 

Dog 

Dog 

1 

0 

Human  10  cc. 

it 

Rabbit 

Rabbit 

0 

0 

Controls  with  unsensitized  pneun 

lococci 

Cat 

Cat 

0 

0 

Sheep 

Sheep 

0 

0 

Pig 

Pig 

2 

Dog 

Dog 

1 

0 

Guinea 

Guinea 

0 

0 

pig 

pig 

Rabbit 

Rabbit 

0 

0 

*  Agglutination  massive  and  could  be  only  partially  broken  up. 


A  study  was  made  also  of  the  opsonic  activity  of  the  blood  seriun 
of  birds.  As  this  part  of  the  work  is  less  complete  than  that  on  mam- 
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mals,  a  detailed  report  is  reserved  for  a  future  communication.  Suffice 
it  to  say  here  that  well  marked  opsonic  action  was  demonstrated  with 
the  homologous  serum  and  leucocytes  of  the  chicken  and  pigeon  al¬ 
though  not  as  pronounced  as  that  shown  by  mammalian  blood.  Tests 
with  alien  blood  elements  failed,  except  in  one  or  two  instances,  to 
show  any  degree  of  phagocytosis. 

Significance  of  Normal  Antipneumococcus  Opsonins. 

Experiments  were  next  undertaken  with  the  purpose  of  ascertaining 
as  far  as  possible  the  importance  of  opsonic  action  in  the  pneumococ¬ 
cus-destroying  processes  of  the  body.  In  previous  studies  on  the 
pneumococcidal  action  of  serum-leucocyte  mixtures  of  the  dog  and  the 
cat  it  was  found  that  inactivation  of  the  serum  at  56°C.  deprived  the 
mixture  of  its  pneumococcus-killing  action.  The  further  finding  in 
the  present  work  that  heating  to  56°C.  largely  destroys  the  opsonic 
properties  of  the  normal  serum  suggests  that  pneumococcidal  power 
of  the  blood  is  dependent  on  the  opsonic  activity  of  the  serum.  To 
test  this  presumption  a  series  of  experiments  was  performed  with  the 
serum  and  leucocytes  of  the  dog,  cat,  sheep  and  pig,  comparing  op¬ 
sonic  action  with  pneumococcidal  potency.  A  specimen  protocol  is 
shown  in  Table  V. 

Experiment  5. — (Table  V.)  Serum  and  leucocytes  obtained  from  a  normal 
full  grown  pig.  The  growth  inhibition  tests  were  carried  out  as  detailed  in  pre¬ 
vious  papers  (23,  28).  The  opsonic  tests  were  performed  as  in  the  preceding  ex¬ 
periments.  The  sedimented  organisms  from  both  the  inactivated  and  active 
serum  tubes  showed  agglutination  which  was  most  marked  with  the  fresh  serum, 
least  with  the  65'’C.  heated  serum.  Leucocyte  extracts  were  prepared  in  two 
ways:  (1)  by  shaking  washed  leucocytes  suspended  in  Locke’s  solution  with  glass 
beads  for  2  hours,  at  the  end  of  which  time  only  nuclear  remains  and  stroma  were 
seen;  and  (2)  by  grinding  leucocytes  in  very  fine  sand  for  20  minutes,  which  re¬ 
sulted  in  their  complete  maceration.®  These  suspensions  w'ere  then  centrifuged 
at  high  speed  and  the  clear  supernatant  fluid  used  in  the  test. 

The  pronounced  pneumococcidal  action  shown  by  the  serum- 
leucocyte  mixtures  of  all  the  animals  tested  was  entirely  abolished 

®  Leucocyte  extracts  were  prepared  as  well  in  the  experiments  with  dog,  cat 
and  sheep  serum-leucocyte  mixtures  by  freezing  and  thawing  and  also  extracting 
for  24  hours  with  distilled  water. 
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when  heated  senun  was  substituted  for  fresh  serum.  Comparative 
opsonic  tests  on  the  heated  and  unheated  sera  showed  that  the  former 

TABLE  V. 

Opsonic  Activity  and  Pneumococcidal  Power  of  Pig  Serum  and  Leucocytes: 
Action  of  Leucocyte  Extract  and  Effect  of  Serum  Inactivation. 

A .  Growth  Inhibition  Test. 

Pig  serum  0.3  cc.  +  pig  leucocytes  or  extract  0.1  cc.  +  pneumococcus  suspen¬ 
sion  0.1  cc. 


Amount  of 
standard 
suspension 

Growth  as  shown  by  color 
changes'  at  hrs. 

Survival  of  pneumo¬ 
cocci  at  72  hrs. 

17 

42 

72 

Stained 

film 

Culture 

CC, 

Fresh  serum 

0.01 

0 

0 

0 

0 

0 

0.001 

0 

0 

+ 

+ 

+ 

0.0001 

0 

0 

0 

0 

0 

0.00001 

0 

0 

0 

0 

0 

0.000001 

0 

0 

0 

0 

0 

Serum  inactivated  at  56®C. 

0.0001 

+ 

++++ 

+ 

0.00001 

0 

+  d — !■+ 

+ 

0.000001 

0  ' 

++ 

++++ 

+ 

0.0000001 

0 

+++ 

++++ 

+ 

Serum  inactivated  at  65°C. 

0.0001 

++++' 

+ 

0.00001 

++++ 

+ 

0.000001 

++++ 

+ 

0.0000001 

++++ 

+ 

Leucocyte  extract  (shaken) 

0.0001 

+ 

0.00001 

+ 

0.000001 

+ 

0.0000001 

+ 

Leucocyte  extract  (ground) 

0.0001 

+ 

0.00001 

+ 

0.000001 

+ 

0.0000001 

+ 

Controls  with  fresh  serum 

0.000001 

+ 

only 

0.0000001 

+ 

*  Degrees  of  methemoglobin  formation. 
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TABLE  V' — Concluded. 


B.  Opsonic  Test. 

Pig  serum-sensitized  pneumococci  -F  pig  leucocytes  -}-  pig  serum  1 :  5  dilution. 


Degree  of  phagocytosis 

Quantity 
of  sensitizing 
serum 

State  of  sensitizing 
serum 

Amount  of 
pneumococcus 
suspension 

Per  cent 
of  leucocytes 
taking  part  in 
phagocytosis 

Per  cent 
of  leucocytes 
containing  5  or 
more  pairs 

Per  cent 
of  packed  cells; 

leucocytes 
containing  20  or 
more  pairs 

cc. 

5 

Fresh 

cc. 

0.1 

93 

87 

25 

u 

Inactivated  at  56° 

u 

57 

32 

3 

tt 

C. 

Inactivated  at  65° 

u 

35 

9 

0 

Control  V 

C. 

irith  imsensitized  pnei 

tmococci. . . . 

2 

0 

0 

had  lost  much  of  their  opsonic  potency  but  still  retained  varying 
degrees  of  this  property.  The  opsonins  of  the  pig  were  found  to  be 
the  most  resistant  to  heating.  As  indicated  in  Table  V  pig  serum 
heated  to  56°C.  for  half  an  hour  showed  well  marked  opsonic  activity, 
though  considerably  less  than  that  of  the  fresh  serum.  This  finding 
in  association  with  the  retardation  of  growth  produced  by  the  56° 
heated  serum  and  leucocytes  suggests  the*  possibility  that  while  the 
heated-serum  opsonins  can  stiU  cause  phagocytosis,  the  sensitization 
produced  by  opsonins  thus  injured  is  inadequate  for  complete  in¬ 
tracellular  digestion.®  Heating  the  sera  of  the  dog  and  the  cat  to 
56°C.  destroyed  their  opsonic  properties  almost  completely  and  there 
was  no  growth  retardation  in  the  growth  inhibition  tests  with  the 
heated  serum  and  leucocytes  of  these  animals.  Sheep  serum  opsonins 
were  more  resistant  though  not  as  much  so  as  those  of  the  pig..  That 
part  of  the  experiments  dealing  with  the  effect  of  leucocyte  extracts 
will  be  taken  up  later. 

®  That  the  phagocytosis  observed  was  not  due  to  reactivation  of  the  heated 
opsonins  by  the  small  amount  of  fresh  serum  present  in  the  pipette  mixture,  was 
determined  by  comparing  the  effect  of  adding  to  heated  serum-sensitized  pneumo¬ 
cocci  and  leucocytes,  heated  serum,  fresh  serum  and  no  serum.  The  resulting 
degree  of  phagocytosis  in  all  three  mixtures  was  practically  identical. 
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The  results  of  the  foregoing  experiments,  which  were  repeated  many 
times  with  substantially  the  same  findings,  indicate  that  opsonins 
must  play  a  very  important,  if  not  decisive,  role  in  the  pneumococcidal 
action  of  serum-leucocyte  mixtures.  In  the  absence  of  opsonins  the 
leucocytes  of  pneumococcus-resistant  animals  apparently  do  not  pos¬ 
sess  any  greater  ability  either  to  engulf  or  to  cause  destruction  of  viru¬ 
lent  pneumococci  than  do  the  leucocytes  of  susceptible  species.  There 
still  remained  the  possibility,  however,  that  the  leucocytes  of  the 
former  type  of  animal  may  possess  within  their  cell  substance  pneu¬ 
mococcus-destroying  principles  which  are  not  present  in  the  cells  of 
the  latter.  Experiments  were  accordingly  devised  in  an  attempt  to 
determine  whether  such  differences  could  be  demonstrated  in  the 
leucocytes  of  the  several  animal  species  studied  above. 

First,  observations  were  made  on  the  rate  of  intracellular  digestion  of  dog  and 
cat  serum-sensitized  pneumococci  by  dog,  cat  and  rabbit  leucocytes.  Capillar>' 
pipette  mixtures  were  examined  microscopically  after  intervals  of  1  to  6  hours 
incubation.  The  rabbit  leucocytes  appeared  to  digest  the  engulfed  pneumococci 
fully  as  effectively  as  those  of  the  dog  and  cat.  More  conclusive  information  as 
to  the  ultimate  fate  of  the  ingested  organisms  was  sought  by  adding  pneumococci 
sensitized  by  dog  serum,^  both  in  the  active  and  lag  phase,  to  rabbit  serum- 
leucocyte  mixtures,  which  were  then  tested  for  growth-inhibitory  effect.  The 
rabbit  leucocytes  failed  to  show  any  pneumococcidal  action.  This  experiment 
was  repeated  with  sheep  serum  from  which  the  anti-rabbit  cytotoxins  had  been 
removed  by  successive  additions  of  rabbit  blood  cells  at  5°C.  The  result  was  the 
same.  Likewise,  rabbits  injected  with  small  quantities  of  dog  and  cat  serum- 
sensitized  pneumococci,  both  with  and  without  the  removal  of  the  sensitizing 
serum,  invariably  succumbed  to  pneumococcus  infection.  However,  the  results 
of  these  tests  are  unsatisfectory  from  the  standpoint  of  determining  the  pneumo- 
coccus-destro3dng  powers  of  the  leucocytes  because  cytotoxic  action  of  the  alien 
serum  cannot  be  completely  eliminated. 

The  action  of  leucocyte  extracts  on  pneumococci  was  then  tested,  as  shown  in 
Table  V.  Extracts  of  leucocytes  from  the  dog,  cat,  sheep  and  pig  were  found  to 
be  without  pneumococcidal  properties.  The  explanation  of  the  discrepancy  be¬ 
tween  our  results  and  those  of  former  workers  may  well  be  found  in  the  reaction 
of  the  extracts  used.  Rous  (29)  has  recently  shown  that  the  protoplasm  of  the 
leucocyte  is  distinctly  acid.  In  our  work  the  use  of  adjusted  and  buffered  solu- 

These  organisms  were  mixed  with  serum  in  sealed  tubes  and  agitated  during 
incubation  so  as  to  secure  complete  sensitization  of  all  the  pneumococci.  The 
serum  was  completely  removed  after  centrifugation. 
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tions  and  the  addition  of  a  relatively  large  quantity  of  serum  to  the  leucocyte  ex¬ 
tract  probably  acted  to  maintain  its  reaction  at  about  that  of  blood.  The  extracts 

TABLE  VI. 

Comparative  Pncumococcidal  and  Opsonic  Activity  of  Adult  Rabbit  and 
Young  Hare  Serum  and  Leucocytes. 

A .  Growth  Inhibition  Test. 


Serum  0.3  cc.  +  leucocyte  suspension  0.1  cc.  +  pneumococcus  suspension  0.1  cc. 


Serum 

Leucocytes 

Pneumococcus 

suspension 

Growth  as  shown  by  color 
changes  at  hrs. 

Survival  of  pneumo¬ 
cocci  at  72  hrs. 

16 

48 

72 

Stained 

film 

Culture 

cc. 

Adult  rab- 

0.01 

+++ 

++++ 

4- 

bit 

0.001 

0 

++ 

++++ 

4- 

0.0001 

0 

0 

c 

0 

0 

0.00001 

0 

0 

0 

0 

0 

0.000001 

0 

0 

0 

0 

0 

0.0000001 

0 

0 

0 

0 

0 

Adult  rab- 

bit 

Young  hare 

0.01 

++ 

++++ 

4- 

0.001 

0 

++ 

++++ 

4- 

0.0001 

0 

0 

0 

0 

0 

0.00001 

0 

0 

0 

0 

0 

0.000001 

0 

0 

0 

0 

0 

0.0000001 

0 

0 

0 

0 

0 

Adult  rab- 

0.01 

+++ 

++++ 

4- 

bit 

0.001 

+++ 

+  +  +  -+ 

4- 

0.0001 

+ 

+4-+-h: 

+ 

0.00001 

0 

++++ 

4- 

0.000001 

0 

+  4-  +  + 

4- 

0.0000001 

0 

++++ 

+ 

Young  hare 

Young  hare 

0.01 

++-f+ 

1 

+  . 

0.001 

+  +  + 

++++: 

4- 

0.0001 

++ 

++++I 

4- 

0.00001 

++ 

++++! 

4- 

0.000001 

+ 

++++ 

4- 

0.0000001 

0 

+ 

Controls  with  serum  only 

Adult  rabbit . 

0.0000001 

4- 

Young  hare . 

0.0000001 

4- 
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TABLE  VI— Concluded. 

B.  Opsonic  Test. 

Sensitized  pneumococci  +  leucocytes  +  serum  diluted  1:5. 


1 

Amount 
of  pneumo¬ 
coccus 
suspen¬ 
sion 

Degree  of 
phagocytosis 

Kind  and  quantity  of 
sensitizing  serum 

Leucocytes 

Serum  diluted  1 : 5 

Per  cent 
of  leuco¬ 
cytes 
taking 
part  in 
phagcxy- 
tosis 

Per  cent 
of  leuco¬ 
cytes 
contain¬ 
ing  5 
or  more 
pairs 

Adult  rabbit  5  cc. 

cc, 

0.05 

Adult  rabbit 

Adult  rabbit 

65  i 

48 

ii  u  n  u 

“ 

Young  hare 

Young  hare 

60 

47 

Young  hare  5  cc. 

0.05 

Adult  rabbit 

.Adult  rabbit 

n 

0 

ii  ii  ii  ii 

ii 

Young  hare 

Young  hare 

WM 

1 

Controls  with  unsensitized  pneu- 

Adult  rabbit 

-Adult  rabbit 

0 

0 

mococci 

Young  hare 

Young  hare 

0 

0 

employed  by  previous  investigators  may  have  been  acid  and  hence  acted  as  un¬ 
favorable  media  for  the  viability  of  pneumococci.  Leucocyte  extracts  prepared 
with  unbuffered  neutral  solutions  were  indeed  found  to  have  a  slightly  higher 
H  ion  concentration  than  the  original  solution  used. 

Although  largely  negative  in  character,  the  above  findings  contribute 
further  evidence  in  support  of  the  probability  that  the  different  animal 
leucocytes  behave  in  a  like  manner  toward  pneumococci.  Much  more 
direct  evidence  of  the  determining  influence  of  opsonic  action  in  in¬ 
tracellular  digestion  and  natural  resistance  was  obtained  from  a  com¬ 
parative  study  of  the  sera  and  leucocytes  of  adult  and  young  rabbits 
or  hares.  As  was  shown  in  a  previous  communication  (24),  the  rela¬ 
tive  resistance  of  full  grown  rabbits  against  certain  strains  of 
pneumococcus  is  associated  with  the  presence  of  pneumococcidal 
properties  in  their  blood  which  are  entirely  lacking  in  the  highly 
susceptible  young  animal.  It  was  found  possible  to  analyze  the  na¬ 
ture  of  this  difference  in  blood  characteristics  within  the  species  by 
the  use  of  methods  that  had  failed  in  attempts  with  alien  serum  and 
leucocytes. 
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Experiment  6. — (Table  VI.)  Adult  rabbit  serum  and  leucocytes  obtained  from 
a  white  male  rabbit,  weight  1500  gm.  The  young  hare  leucocytes  were  secured 
from  a  young  Belgian  hare,  weight  520  gm.,  and  the  serum  from  this  same  hare  and 
another  weighing  490  gm.  The  growth  inhibition  test  was  carried  out  as  before. 
The  organism  employed  was  a  Type  II  pneumococcus,  which  possessed  but  little 
virulence  for  adult  rabbits  or  hares.  0.1  to  0.01  cc.  was  required  to  kill  the  full 
grown  animal,  but  0.000001  cc.  killed  500  to  600  gm.  Belgian  hares  in  2  to  3  days. 
For  the  phagocytic  test,  pneumococci  in  the  active  growth  phase  were  used  and 
sensitization  was  carried  out  for  30  minutes.  The  test  was  conducted  otherwise 
as  previously.  The  pneumococci  sedimented  from  the  adult  rabbit  semm  showed 
agglutination,  those  from  the  young  rabbit  serum  were  unclumped. 

The  results  of  the  experiment  are  shown  in  Table  VI.  A  serum- 
leucocyte  mixture  consisting  of  adult  rabbit  serum  and  either  adult 
rabbit  or  young  hare  leucocytes  was  found  to  possess  marked  growth- 
inhibitory  and  pneumococcus-destroying  properties.  On  the  other 
hand,  mixtures  composed  of  young  hare  serum  and  adult  rabbit  or 
young  hare  leucocytes  were  entirely  lacking  in  this  action.  This  dif¬ 
ference  in  the  effectiveness  of  the  two  kinds  of  serum  is  to  be  accounted 
for  by  the  finding  that  the  large  rabbit  serum  showed  well  marked 
opsonic  activity  both  with  its  own  and  the  young  hare  leucocytes, 
while  in  the  serum  of  the  young  hare  no  opsonins  could  be  demon¬ 
strated.  In  these  two  animals  of  widely  varying  susceptibility  to 
pneumococcus  infection  it  seems  evident  that  resistance  is  dependent 
upon  the  presence  of  opsonins  in  the  serum,  since  the  leucocytes  of 
the  young  hare  are  quite  as  effective  in  digesting  adult  serum-sensi¬ 
tized  pneumococci  as  are  the  leucocytes  of  the  full  grown,  highly 
refractory  animal. 

It  is  to  be  noted  that  actively  growing  organisms  were  used  in  the 
opsonic  test.  With  Type  II  pneumococci  in  the  lag  phase,  agglutina¬ 
tion  was  so  massive  and  tenacious  as  to  interfere  markedly  with 
phagocytosis. 


Normal  Antipneumococcus  Agglutinins. 

As  recorded  in  the  preceding  protocols,  agglutination  occurred 
wherever  opsonic  action  was  detected.  Experimental  conditions 
found  to  be  optimum  for  the  demonstration  of  opsonic  activity  like¬ 
wise  brought  out  the  most  pronounced  agglutination.  Within  certain 
limits  the  degree  of  agglutination  observed  paralleled  the  extent  to 
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which  the  sensitized  pneumococci  were  phagocyted.  This  parallelism 
ceased  when  the  intensity  of  the  agglutination  reached  the  point 
where  the  clvunps  were  so  large  that  they  could  no  longer  be  broken 
up.  Heating  the  serum  caused  a  diminution  in  both  its  agglutinative 
and  opsonic  properties  to,  roughly,  the  same  degree.  That  this  clump¬ 
ing  of  the  pneumococci  sedimented  from  the  serum  of  pneumococcus- 
resistant  animals  was  a  true  agglutination  is  shown  by  the  fact  that 
the  cliunps  could  never  be  completely  comminuted  even  after  pro¬ 
longed  mixing  with  a  fine  capillary  pipette.  While  the  suspension 
might  have  a  smooth  appearance  (it  usually  retained  a  finely  granular 
character),  agglutinated  masses  of  pneumococci  were  always  observed 
microscopically  except  in  instances  where  the  macroscopic  cliunping 
had  been  very  slight. 

It  is  not  improbable  that  the  packing  of  the  organisms  by  centrif¬ 
ugation  at  high  speed  had  much  to  do  with  the  successful  demonstra¬ 
tion  of  these  normal  serum  agglutinins.  Gates  showed  that  the 
agglutination  of  meningococci  could  be  greatly  hastened  and  intensified 
by  centrifuging  (30). 


DISCUSSION. 

The  results  of  the  foregoing  experiments  strongly  suggest  that  the 
differences  in  resistance  which  certain  mammals  normally  exhibit 
toward  pneumococcus  infection  are  to  be  accounted  for  chiefly  by  the 
concentration  of  antipneumococcus  opsonins  present  in  their  blood. 
While  the  markedly  resistant  animals  possess  a  relatively  high  con¬ 
centration  of  these  immune  substances  (or  senun  state),  the  blood  of 
susceptible  ones  is  so  poor  in  this  property  that  it  cannot  deal  with 
the  highly  virulent  pneumococci  but  still  has  a  suflicient  concentra¬ 
tion  to  sensitize  and  thereby  make  possible  the  destruction  of  pneu¬ 
mococci  of  low  virulence  for  the  species. 

It  is  realized  that  the  data  presented  do  not  entirely  exclude  the 
existence  of  blood  cellular  differences  between  resistant  and  suscepti¬ 
ble  animals,  but  the  marked  phagocytic  and  intracellular  digestive 
activity  shown  by  the  leucocytes  of  susceptible  animals  for 
pneumococci  sensitized  by  the  serum  of  resistant  species,  makes  it 
seem  probable  that  no  striking  variations  in  this  function  obtain 
among  the  several  kinds  of  leucocytes  studied.  In  support  of  this 
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inference  is  the  previous  finding  that  the  addition  of  a  small  quantity 
of  specific  immune  serum  to  the  serum-leucocyte  mixture  of  the  rabbit 
confers  on  it  marked  lethal  power  for  highly  virulent  pneumococci 
(31),  thus  showing  that  the  leucocytes  of  a  susceptible  animal  are 
capable  of  killing  such  organisms  when  adequately  sensitized. 

The  degree  and  type  of  pneumococcidal  action  which  can  be  demon¬ 
strated  in  the  resistant  mammal’s  blood,  together  with  the  cellular 
picture  of  the  pnemnococcus  lesion,  indicates  that  in  these  animals  the 
polymorphonuclear  leucocytes  are  principally  responsible  for  the  de¬ 
struction  of  pneumococci.  Phagocytosis  by  the  fixed  tissue  cells  of  the 
reticulo  endothelial  system  may,  however,  play  a  contributory  r61e. 
The  possibility  that  the  body  possesses  also  a  mechanism  for  the  ex¬ 
tracellular  dissolution  of  pneumococci  is  by  no  means  excluded  even 
though  no  conclusive  evidence  for  the  existence  of  such  a  process  has 
been  thus  far  found. 

The  general  parallelism  found  to  exist  between  the  agglutinative 
and  opsonic  properties  of  the  serum  of  pneumococcus-resistant  ani¬ 
mals  provides  some  additional  evidence  in  favor  of  the  view  held  by 
many  that  these  two  reactions  are  different  manifestations  of  a  single 
immune  process  or  substance. 


SUMMARY. 

A  study  was  made  of  the  pneumococcidal  action  of  serum-leucocyte 
mixtures  of  pneumococcus-resistant  animals  with  a  view  to  determin¬ 
ing  whether  this  property  of  the  blood  is  to  be  accounted  for  by  the 
presence  of  certain  serum  constituents  or  by  cellular  characteristics 
which  are  lacking  in  the  blood  of  susceptible  animals.  By  means  of 
a  method  specially  developed  for  this  purpose,  it  was  found  that,  after 
adequate  contact  with  the  serum  of  pneumococcus-resistant  ajiimals, 
virulent  pneumococci  were  phagocyted  actively  not  only  by  the 
homologous  leucocytes  but  also  by  the  leucocytes  of  other  resistant 
and  susceptible  animals.  On  the  other  hand,  pneumococci  exposed 
to  the  action  of  the  serum  of  pneumococcus-susceptible  animals  were 
not  taken  up  by  the  leucocytes  of  either  the  resistant  or  susceptible 
species.  All  the  resistant  animals  tested,  dog,  cat,  sheep,  pig  and 
horse,  showed  marked  opsonic  properties  in  their  blood  serum  which 
were  not  found  in  the  serum  of  susceptible  ones,  rabbit,  guinea  pig 
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and  human.  There  appeared,  however,  to  be  no  essential  difference 
in  the  phagocytic  activity  of  the  leucocytes  from  the  various  animals. 

It  was  then  shown  that  the  pneumococcus-destroying  power  of 
serum-leucocyte  mixtures  was  entirely  abolished  when  heated  serum 
was  substituted  for  fresh  serum  and  that  such  heated  serum  had  lost 
much  of  its  opsonic  potency.  Neither  the  living  leucocytes  alone  nor 
extracts  of  the  leucocytes  were  observed  to  exert  any  killing  action 
on  pneumococci.  Further  evidence  of  the  controlling  influence  of 
opsonic  action  in  the  antipneumococcus  defence  mechanism  of  the 
blood,  and  its  importance  in  natural  resistance,  was  afforded  by  a 
study  of  the  opsonin  content  and  leucocytic  functions  of  the  blood  of 
full  grown  and  young  rabbits  as  related  to  their  widely  varying  de¬ 
grees  of  pneumococcus  susceptibility. 
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INTRODUCTION. 

In  preceding  papers  (1-4),  the  interrelations  of  the  oxidation  and  reduction 
products  of  several  bacterial  hemotoxins  were  found  to  be  analogous  to  the  rela¬ 
tions  known  to  exist  between  the  corresponding  products  of  hemoglobin.  That 
is,  the  hemolytically  inactive  oxidation  product  of  the  hemotoxin  can  be  converted 
to  the  original  active  substance  by  reduction,  just  as  “inactive”  ferric  hemoglobin 
is  converted  to  “active”  ferrous  hemoglobin  by  the  same  treatment.  These  re¬ 
versible  relations  between  active  reduced  substances  and  their  inactive  oxidation 
products  are  of  interest  not  only  from  immunological  aspects,  but  also  from  the 
standpoint  of  the  general  physiology  of  the  bacterial  cell.  For  example,  the 
pneumococcus  hemotoxin,  which  on  last  analysis  must  be  recognized  as  an  integral 
constituent  of  the  bacterial  cell,  may  be  converted  from  the  active  reduced  state 
to  the  inactive  oxidized  state  by  biological  oxidation,  and  subsequently  the  re¬ 
verse  change  may  be  induced  by  the  reducing  conditions  which  are  developed  by 
the  same  biological  agents  when  air  is  excluded.  Although  demonstrated  in  this 
case  with  a  cellular  constituent  of  unknown  physiological  importance,  the  same 
phenomenon  may  influence  the  activity  of  other  cell  components  and  thus  be  an 
important  factor  in  the  maintenance  of  the  activity  of  the  bacterial  cells. 

In  the  present  investigation,  the  principles  previously  demonstrated 
(1-4)  with  hemotoxins  are  applied  to  a  study  of  the  “reactivation” 
of  the  oxidized  bacteriolytic  agent  of  Pneumococcus.  This  type  of 
bacteriolytic  agent  is  not  related  at  all  to  the  agents  involved  in 
the  familiar  immunological  bacteriolytic  system.  Although  it  is  not 
known  that  the  bacteriolytic  substance  of  Pneumococcus  is  antigenic 
in  nature,  the  present  paper  is  included  in  the  series  of  studies  on 
the  oxidation  and  reduction  of  immunological  substances  because 
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of  the  apparent  similarity  between  the  reactivation  of  the  bacterio¬ 
lytic  activity  and  the  reactivation  of  the  previously  reported  hemo- 
toxins. 

The  bacteriolytic  enzymes  or  agents  have  been  studied  chiefly  by  Emmerich 
and  Low  and  their  associates  (5).  These  authorities  have  described  “enzymes” 
of  this  type  from  a  number  of  different  bacteria,  and  would  include  them  in  the 
group  of  nucleases  as  they  are  believed  to  act  upon  the  nucleoprotein  of  the  bac¬ 
terial  cell.  Emmerich  (6)  believed  that  the  autolysis  or  dissolution  of  pneumo¬ 
coccus  cultures  depended  upon  the  action  of  a  bacteriolytic  enzyme  derived  from 
these  bacteria,  but  did  not  report  an  actual  demonstration  of  the  enzyme  action. 
The  existence  of  the  bacteriolytic  enzyme  was  proved  by  Avery  and  Cullen  (7) 
who  described  it  as  a  thermolabile,  intracellular  substance  which  causes  lysis  of 
the  dead  bacterial  bodies  of  pneumococci.  Unlike  some  of  the  enzymes  of  this 
type  (the  “heteroform”  enzymes  of  Emmerich),  the  pneumococcus  enzyme  pos¬ 
sesses  a  considerable  degree  of  specificity,  and  is  without  effect  upon  most  other 
Gram-positive  cocci.  More  closely  allied  cocci,  such  as  Streptococcus  viridans, 
are  attacked  to  some  extent,  but  the  action  is  not  nearly  so  pronounced  as  upon 
pneumococci  themselves.  Emmerich’s  belief  that  the  bacteriolytic  enzyme  acts 
upon  the  nucleoprotein  of  the  bacteria,  may  explain  the  limitations  of  the  apparent 
species  specificity  of  Avery  and  Cullen’s  enzymes.  If  the  nucleoprotein  fraction 
serves  as  substrate,  the  slight  but  definite  susceptibility  of  certain  Streptococcus 
viridans  to  the  pneumococcus  enzyme  may  be  paralleled  by  the  immunological 
relations  between  the  nucleoproteins  of  the  same  bacteria  which  have  been  demon¬ 
strated  by  Lancefield  (8).  The  possible  relation  of  the  bacteriolytic  enzyme  to 
the  rapid  autolysis  of  pneumococci  is  discussed  by  Avery  and  Cullen  (7). 

To  avoid  confusion,  it  is  desirable  to  point  out  that  bacteriolytic  agents  of  this 
type  are  distinctly  different  from  the  bacteriolysin  which  is  a  component  of  the 
more  familiar  immune  bacteriolytic  system.  The  distinction  between  them  is 
analogous  in  many  respects  to  the  distinction  between  the  bacterial  hemotoxins 
and  the  immunological  hemolysins  (1).  The  bacteriolytic  “enzymes,”  like  the 
hemotoxins,  are  products  of  the  bacterial  cell,  and  may  be  considered  as  primarily 
toxic  substances,  since  they  p>ossess  in  themselves  the  property  of  causing  lysis 
of  the  appropriate  bacteria.  The  bacteriolysins,  on  the  other  hand,  are  sensitizing 
antibodies  and  unlike  the  bacteriolytic  “enzymes,”  their  lytic  action  is  dependent 
upon  the  cooperative  mechanism  of  the  sensitizing  bacteriolysin  and  alexin 
(complement). 

It  is  evident  from  the  foregoing  review  that  the  bacteriolytic  agent 
of  Pneumococcus  represents  a  thermolabile  component  of  the  bacterial 
cell.  In  previous  studies  on  the  oxidation-reduction  activities  of 
pneumococci  (9),  it  was  shown  that  the  bacteriolytic  substance  may 
be  inactivated  by  oxidizing  agents  formed  in  the  presence  of  air  by 
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certain  other  constituents  of  the  same  bacterial  cells  as  those  from 
which  the  “enzyme”  itself  was  derived.  The  present  paper  is  con¬ 
cerned  with  the  subsequent  “reactivation”  of  the  bacteriolytic  activity 
by  biological  reduction.  The  question  of  the  true  “enzyme”  nature 
of  the  bacteriolytic  agent  is  of  no  immediate  consequence  since  this 
substance  is  utilized  in  the  present  study  merely  as  an  example  of  a 
cellular  constituent  which  is  inactivated  by  oxidation. 

EXPERIMENTAL. 

Methods. 

“Oxidized"  and  “Unoxidized”  Pneumococcus  Extracts. — The  pneumococcus 
extracts  consisted  of  the  filtered  extract  of  a  concentrated  suspension  of  unwashed 
pneumococcus  cells  which  had  been  disrupted  by  repeated  freezings  and  thawings 
(10).  This  type  of  extract  (the  “complete  system”  type)  (11)  contains  easily 
oxidized  substances  which  upon  exposure  to  air  form  oxidizing  agents  which  in 
turn  inactivate  much  of  the  original  bacteriolytic  activity  of  the  extract. 

The  term  “oxidized”  extract  denotes  pneumococcus  extracts  in  which  at  least 
a  part  of  the  bacteriolytic  agent  has  been  oxidized  by  exposure  to  air  in  unagitated 
Erlenmeyer  flasks.  The  degree  of  inactivation  of  the  bacteriolytic  agent  under 
these  conditions  is  determined  not  only  by  the  time  of  exposure  but  also  by  the 
oxidizing  activity  of  the  bacterial  extract.  In  the  previous  investigations  in 
which  the  oxidation  was  first  described  (9)  the  inactivation  was  not  so  pronounced 
as  with  the  more  active  extracts  which  have  been  employed  in  the  present  study. 

The  term  “unoxidized”  extract,  as  employed  in  this  paper,  refers  to  pneumo¬ 
coccus  extracts  which  have  been  protected  from  oxidation  by  a  heavy  seal  of 
vaseline.  Under  these  conditions,  the  bacteriolytic  activity  is  relatively  stable 
as  it  has  been  found  to  be  unimpaired  after  3  years  storage  in  the  ice  box. 

Reduction  Treatment  Employed  in  the  Reactivation  of  the  Oxidized  Extracts. — The 
method  employed  for  the  reactivation  of  the  bacteriolytic  activity  of  the  oxidized 
extracts  was  essentially  the  same  as  that  utilized  in  the  reactivation  of  the  hemo- 
toxins  by  biological  reduction. 

Equal  portions  of  the  oxidized  extract  were  placed  in  each  of  two  narrow  test- 
tubes.  A  measured  amount  of  a  suspension  of  anaerobic  bacilli  was  added  to  one 
of  the  tubes  which  was  then  sealed  with  vaseline.  This  mixture  was  incubated 
at  il°C.  for  2  or  3  hours  to  allow  sufficient  time  for  its  reduction.  An  amount  of 
salt  solution  equal  in  volume  to  the  suspension  of  anaerobic  bacilli  which  was 
added  to  the  first  tube,  was  then  added  to  the  second  tube  of  oxidized  extract. 
This  mixture,  which  served  as  a  control  of  the  bacteriolytic  activity  of  the  oxidized 
extract  before  its  reduction  treatment,  was  placed  in  the  ice  box  until  the  time 
of  the  measurement  of  the  bacteriolytic  activity.  A  third  tube  containing  a 
similar  mixture  of  broth  plus  anaerobic  bacilli  was  sealed  with  vaseline  and  incu- 
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bated  with  the  first  mixture  described.  At  the  end  of  the  period  allowed  for  re¬ 
duction,  the  sealed  mixture  of  oxidized  extract  and  anaerobic  bacilli  and  the  con¬ 
trol  mixture  of  broth  plus  anaerobic  bacilli,  were  centrifuged  at  high  speed  to 
remove  the  bacteria.  The  supernatant  fluids  of  the  reduction  mixtures  which 
were  utilized  in  the  bacteriolytic  tests  proper  were  entirely  free  from  the  bacilli 
used  as  reducing  agents. 

This  method  of  reduction  treatment  was  chosen  as  it  afforded  a  means  of  ob¬ 
taining  reduced  fluids  for  the  bacteriolytic  tests  without  the  introduction  of  re¬ 
ducing  agents  into  the  final  bacteriolytic  tests  themselves. 

Measurement  of  Bacteriolytic  Activity. — In  most  of  the  experiments,  the  measure¬ 
ments  of  the  bacteriolytic  activity  consisted  in  comparisons  of  the  activities  of 
oxidized  extracts,  before  and  after  treatment  with  the  biological  reducing  agent. 
Heat-killed  suspensions  of  pneumococci  (Type  II)  were  used  as  substrates  in  the 
enzyme  tests.  Equal  amoimts  of  the  three  mixtures  described  above  were  added 
to  separate  series  of  tubes  containing  the  heated  pneumococci.  The  bacteriolytic 
test  mixtures  were  incubated  in  the  water  bath,  and  the  degree  of  bacteriolysis 
was  noted  at  varying  intervals  by  observing  the  relative  opacity  of  the  tubes  and 
by  microscopic  examination  of  stained  fields. 

It  was  found  advisable  to  centrifuge  the  bacteriolytic  test  mixtures  before  the 
final  measurements  of  bacteriolysis.  The  supernatant  fluids  were  removed  and  the 
bacterial  sediment  was  resuspended  in  0.5  cc.  of  sterile  salt  solution.  Comparisons 
of  the  relative  turbidities  of  these  concentrated  suspensions  furnished  a  con¬ 
venient  means  of  determining  differences  in  the  degree  of  bacteriolysis.  These 
measurements  were  checked  by  the  microscopic  examination  of  films  prepared 
from  the  same  suspensions. 

Reactivation  of  the  Oxidized  Bacteriolytic  Agent  by  the  Reducing 
Action  of  Bacteria. 

In  the  previous  studies  on  the  hemo toxins  (1-4)  it  was  shown  that 
the  inactive  oxidation  products  could,  in  the  absence  of  air,  be  con¬ 
verted  to  the  active  form  by  the  reducing  action  of  bacteria.  Ex¬ 
periments  were  made  to  determine  if  the  same  biological  reducing 
agents  can  induce  a  similar  reactivation  of  the  bacteriolytic 'agent. 

Cultures  of  Anaerobic  Bacillus  T  (a  non-hemolytic  organism  isolated  from  a 
wound  and  morphologically  resembling  B.  tetani)  were  grown  in  50  cc.  centrifuge 
tubes  under  vaseline  seal;  these  cultures  were  centrifuged  and  the  bacterial  cells 
were  suspended  in  1.0  cc.  of  sterile  salt  solution. 

The  following  test  mixtures  were  prepared: 

(1)  1.0  cc.  oxidized  pneumococcus  extract  -f  0.5  cc.  salt  solution. 

(2)  1.0  cc.  oxidized  pneumococcus  extract  -t-  0.5  cc.  suspension  of  Anaerobic 
Bacillus  T. 
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(3)  1.0  cc.  broth  +  0.5  cc.  suspension  of  Anaerobic  Bacillus  T. 

(4)  1.0  cc.  unoxidized  pneumococcus  extract  +  0.5  cc.  salt  solution. 

(5)  1.0  cc.  unoxidized  pneumococcus  extract  +  0.5  cc.  suspension  of  Anaerobic 
Bacillus  T. 

All  four  mixtures  were  centrifuged  after  a  2  hour  period  allowed  for  reduction 
and  the  supernatant  fluids  utilized  in  the  bacteriolytic  tests.  The  further  pro¬ 
cedure  involved  in  the  bacteriolytic  tests  has  been  described  under  “Methods.” 
Mixtures  4  and  5  were  prepared  in  order  to  prove  that  the  treatment  employed 
for  reduction  did  not  increase  the  bacteriolytic  activity  unless  the  extract  had 
previously  been  oxidized. 

TABLE  I. 


“Reactivation”  of  the  Oxidized  Bacteriolytic  Agent  by  the  Reducing 
Action  of  Bacteria. 


Bacteriolytic  activity  of  pneumococcus  extract 

Amount  of 
pneumococcus 

“Oxidized”  extract  | 

“Unoxidized”  extract  j 

Controls  on 
bacterial  reduc¬ 
ing  agent 

extract 

Not  treated 
with  bacterial 
reducing  agent 

.\fter  treatment 
with  bacterial 
reducing  agent 

Not  treated 
with  bacterial 
reducing  agent 

After  treatment 
with  bacterial 
reducing  agent 

CC. 

0.12 

+ 

+  +  +  + 

+  +  +  + 

+  +  +  + 

0 

0.02 

± 

+  + 

+  + 

+  + 

0 

0  =  no  lysis. 

±  =  slight  lysis,  but  most  of  the  cells  still  intact. 


+  =  distinct  lysis;  few  intact  cells  possessing  Gram-positive  staining 
properties. 

-I-  -I-  =  marked  lysis;  no  Gram-positive  cells  and  few  cells  retaining  distinct 
morphology. 

=  lysis  almost  complete;  no  cells  possessing  distinct  morphology. 
-|--|--f--|-  =  complete  lysis;  film  shows  nothing  but  amorphous  Gram-negative 
detritus. 

Mixture  3,  the  control  on  the  bacterial  reducing  agent,  never  showed  any 
evidence  of  bacteriolytic  action.  The  results  of  the  tests  of  this  mixture  are 
presented  in  the  protocol  of  this  experiment  under  the  heading  “Controls  on 
bacterial  reducing  agents.”  Similar  control  tests  were  made  in  all  the  following 
experiments,  although  it  has  not  seemed  necessary  to  present  them  in  the  protocols. 

The  results  of  the  experiment  are  given  in  Table  I. 

It  is  evident  in  Table  I  that  oxidized  pneumococcus  extract  which 
has  lost  much  of  its  bacteriolytic  activity  regains  at  least  most  of  its 
original  activity  after  treatment  with  anaerobic  bacilli  in  the  absence 
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of  air.  The  anaerobic  bacilli  were  removed  from  the  extracts  by 
centrifugation  before  the  bacteriolytic  tests  so  that  the  supernatant 
fluid  used  in  the  test  itself  should  be  free  from  foreign  bacteria.  The 
negative  results  exhibited  in  the  “control  on  bacterial  reducing  agent” 
prove  that  the  bacilli  employed  in  the  previous  reduction  treatment 
contributed  no  substances  to  cause  the  disintegration  or  bacteriolysis 
of  Pneumococcus.  The  fact  that  the  same  treatment  which  reacti¬ 
vated  the  oxidized  extract  did  not  increase  the  degree  of  activity  of 
the  unoxidized  extract  is  a  further  control  and  proves  that  the  reactiva¬ 
tion  occurs  only  in  extracts  which  contain  inactive  oxidation  products. 

TABLE  II. 

Attempt  to  Reactivate,  by  Reduction,  the  Bacteriolytic  Activity  of  Heat- 
Inactivated  Pneumococcus  Extracts. 


Bacteriolytic  activity  of  pneumococcus  extract 


Treatment  of  pneumococcus  e.xtract 

Heated  | 

j  Unheated 

Unoxidized 

extract 

Oxidized 

extract 

Unoxidized 

extract 

Oxidized 

extract 

Before  treatment  with  bacteri¬ 
al  reducing  agent 

0 

0 

-l-f-l-l- 

+ 

After  treatment  with  bacterial 
reducing  agent 

0 

0 

+  +  +  + 

Attempt  to  Reactivate"  the  Bacteriolytic  Activity  of  Heat-Inactivated 
Pneumococcus  Extract. 

It  has  been  shown  in  previous  papers  (1-4)  that  the  heat-inactivated 
products  of  the  hemotoxins  cannot  be  “reactivated”  by  the  reduction 
treatment  which  successfully  restored  the  original  activity  to  the 
inactive  oxidation  products.  Experiments  were  made  to  determine 
if  the  same  relation  holds  true  in  the  case  of  the  pneumococcus  bac¬ 
teriolytic  agent. 

Both  unoxidized  and  oxidized  pneumococcus  extracts  were  included  in  the 
experiments.  The  extracts  were  heated  for  10  minutes  at  75°C.  which  is  a  period 
known  to  be  slightly  in  excess  of  that  sufficient  to  destroy  the  bacteriolytic  activity 

(7,  9). 

The  reduction  mixtures  employed  were  analogous  to  those  described  in  the 
experiments  reported  in  Table  I.  The  tests  for  bacteriolytic  action  were  made 
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by  the  same  procedure.  The  results  of  the  test  with  amounts  of  mixture  equiva¬ 
lent  to  0.2  cc.  of  the  pneumococcus  extract  are  presented  in  Table  II. 

The  results  of  these  experiments  (Table  II)  were  the  same  as  those 
obtained  in  similar  experiments  with  the  hemotoxins.  Reduction 
treatment  which  successfully  reactivates  the  bacteriolytic  action  of 
oxidized  pneumococcus  extract,  fails  entirely  to  reactivate  either 
unoxidized  or  oxidized  extracts  which  have  previously  been  inactivated 
by  heat.  This  fact  indicates  that  the  inactive  products  formed  by 
heat  are  distinctly  different  from  the  inactive  products  formed  by  the 
oxidation  processes  which  take  place  in  aerated  pneumococcus  extracts. 
Since  different  products  are  formed,  the  reactions  involved  in  the  in- 


TABLE  III. 

Species  Specificity  of  the  Bacteriolytic  Agent  in  Reactivated  Pneumococcus  Extract. 


Bacteriolytic  agent  present  in 

Bacteriolytic  action  upon 

Pneumococci 

Hemolytic^ 

streptococci 

staphylococci 

Original,  “unoxidized”  pneumo- 

+  +  +  + 

0 

0 

coccus  extract 

Extract  “reactivated”  by  reduction 

+  +  +  + 

0 

0 

subsequent  to  oxidation 

i 

Heated  controls  of  both  of  the 

0 

0 

0 

above  types  of  pneumococcus 

extract 

activations  by  heat  and  by  oxidation  must  also  be  of  different  nature. 
While  the  inactivation  by  oxidation  appears  to  be  similar  in  nature 
to  the  reversible  change  of  hemoglobin  to  methemoglobin,  the  in¬ 
activation  by  heat  can  be  assumed  to  represent  a  protein  denaturi- 
zation. 

Species  Specificity  of  the  Bacteriolytic  Agent  in  Reactivated 
Pneumococcus  Extracts. 

Avery  and  Cullen  (7)  have  shown  that  the  pneumococcus  bacterio¬ 
lytic  enzyme  is  species-specific,  causing  the  rapid  disintegration  of 
killed  pneumococci,  but  not  attacking  the  cells  of  other  bacterial 
species.  Hence,  experiments  were  designed  to  determine  whether  or 
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not  the  bacteriolytic  agent  in  reactivated  pneumococcus  extracts  is 
likewise  without  effect  upon  bacterial  cells  of  other  species. 

The  bacteriolytic  tests  were  made  upon  heat-killed  suspensions  of  pneumo¬ 
coccus,  Streptococcus  hxmolyticus,  and  Staphylococcus  aureus.  Both  unoxidized 
pneumococcus  extract  which  had  never  been  exposed  to  air,  and  oxidized  extract 
which  had  been  reactivated  by  bacterial  reduction,  were  added  to  separate  tubes 
containing  the  suspensions  of  each  of  the  different  species  of  bacteria. 

A  control  series  was  included,  in  which  heat-inactivated  portions  of  both  re¬ 
duced  and  oxidized  pneumococcus  extracts  were  tested  against  each  of  the  different 
kinds  of  bacteria. 

The  protocol  of  the  experiment  is  condensed  in  Table  III. 

The  results  of  this  experiment  (Table  III)  show  that  the  bacterio¬ 
lytic  agent  present  in  reactivated  pneumococccus  extracts  possesses 
the  same  species  specificity  as  that  exhibited  by  the  original  bacterio¬ 
lytic  agent  contained  in  the  untreated  or  original  bacterial  extract. 
This  fact  presents  further  evidence  that  the  reactivated  bacteriolytic 
agent  is  identical  with  the  original  bacteriolytic  enzyme  since  it  is 
difficult  to  conceive  of  an  extraneous  bacteriolytic  substance  possessing 
by  chance  the  same  biological  specificity. 

Separation  of  the  Hemotoxin  and  the  Bacteriolytic  Agent,  Both  of  Which 
Are  Present  in  Pneumococcus  Cell  Extracts. 

The  similarity  in  the  general  nature  of  the  results  of  the  previous  investigation 
of  the  reactivation  of  the  hemotoxin  of  Pneumococcus  to  the  results  of  the  present 
study  of  the  reactivation  of  the  bacteriolytic  enz}-me,  makes  it  highly  desirable 
to  determine  whether  or  not  the  hemolytic  and  bacteriolytic  agents  are  distinct 
and  separate  substances.  Both  the  hemolytic  and  bacteriolytic  properties  are 
functions  of  one  or  more  constituents  of  the  pneumococcus  cell,  and  hence,  both 
properties  are  exhibited  by  the  pneumococcus  cell  solutions.  In  a  previous  study 
of  the  oxidation  of  pneumococcus  enzymes  (9),  it  was  found  that  the  bacteriolytic 
property  of  the  bacterial  extract  was  more  resistant  both  to  heat  and  tp  oxidation 
than  is  the  hemotoxin.  Although  it  is  possible  to  obtain  an  extract  in  which  all 
the  hemolytic  activity  has  been  destroyed  by  heat  or  by  oxidation  treatment 
without  a  total  inactivation  of  the  bacteriolytic  property,  this  distinction  between 
the  labilities  of  the  hemolytic  and  bacteriolytic  properties  is  not  conclusive  proof 
that  the  two  properties  (bacteriob^sis  and  hemolysis)  are  functions  of  distinct  and 
separate  cellular  substances. 

The  following  experiments  were  designed  to  obtain  a  more  satis¬ 
factory  separation  of  the  agents  involved  in  pneumococcus  bacterioly- 
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sis  and  in  pneumococcus  hemolysis.  Pneumococcus  extracts  which 
exhibited  both  the  hemolytic  and  bacteriolytic  properties  were  ab¬ 
sorbed  with  red  blood  cells  to  remove  the  hemotoxin  or  other  sub¬ 
stances  which  are  responsible  for  the  hemolytic  action  of  the  bacterial 
extract.  Tests  were  then  made  to  determine  whether  removal  of  the 
hemolytically  active  substances  from  the  extract  likewise  removed 
the  active  substances  concerned  in  the  bacteriolytic  action. 

Absorption  of  the  Hemotoxin. — Pneumococcus  extract,  which  contained  both  the 
hemotoxin  and  bacteriolytic  agent  in  the  reduced  or  active  condition,  was  diluted 
with  10  times  its  volume  of  sterile,  cold  salt  solution.  Two  10  cc.  portions  of  the 
diluted  extract  were  placed  in  an  ice  bath  and  held  there  for  3  hours,  to  ensure  a 
temperature  of  0°C.  before  the  absorption  was  attempted.  Washed  blood  cells 
(rabbit)  were  likewise  held  in  the  ice  bath  for  several  hours  before  the  experiment 
proper  was  begun. 

1  cc.  of  the  cold  blood  cells  was  then  added  to  one  of  the  tubes  of  diluted  pneumo¬ 
coccus  extract.  The  tube  was  shaken  gently  but  thoroughly  at  the  time  the  blood 
cells  were  added,  and  also  at  15  minute  intervals  during  the  4  hour  period  allowed 
for  the  “absorption”  of  the  hemotoxin.  No  blood  cells  were  added  to  the  second 
tube  of  diluted  pneumococcus  extract,  which  served  as  the  “unabsorbed”  control. 
At  the  end  of  the  period  allowed  for  the  combination  of  the  blood  cells  and  hemo¬ 
toxin,  5  cc.  portions  of  the  “absorbed”  mixture  and  of  the  “unabsorbed”  control 
were  removed  and  centrifuged.  The  supernatant  fluid  was  removed  from  both 
the  “absorbed”  and  “unabsorbed”  test  mixtures.  “Titrations”  of  the  bacterio¬ 
lytic  and  hemolytic  activities  of  these  fluids  were  then  made  by  the  previously 
described  methods. 

I'he  hemotoxin  titrations  of  the  supernatant  fluid  of  the  “absorbed”  mixture 
tested  the  presence  or  absence  of  active  hemotoxin  after  treatment  with  blood 
cells.  In  order  to  prove  that  the  hemotoxin  was  removed  by  actual  combination 
with  the  blood  cell  and  not  simply  rendered  inactive  by  the  “absorption”  treat¬ 
ment,  the  centrifuged  cells  were  washed  once  with  cold  salt  solution  to  eliminate 
the  possibility  of  traces  of  free  lysin  in  the  residual  sediment,  and  the  washed 
cells  resuspended  in  salt  solution.  The  prompt  hemolysis  of  the  “absorbed” 
cells  when  the  suspension  was  placed  at  37°C.  was  accepted  as  evidence  of  previous 
combination  of  the  erythrocyte  and  the  hemotoxin. 

A  further  control  test  was  included  to  eliminate  the  possibility  of  the  lysin 
having  been  inactivated  by  oxidation  during  the  absorption  period.  This  control 
consisted  in  tests  for  the  presence  of  oxidized  lysin  in  the  supernatant  fluid  by 
including  a  duplicate  series  of  hemotoxin  titrations  with  fluids  treated  with  hydro¬ 
sulfite  which  would  reactivate  any  of  the  oxidized  form  which  might  have  been 
present. 

Temperature  Frecautio-ns. — The  success  of  experiments  of  this  type  depends 
upon  differences  in  the  effect  of  low  temperature  upon  the  speeds  of  the  reactions 
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involved  in  the  “combination”  and  in  the  “injury”  functions  of  the  hemotoxin. 
Therefore,  it  is  necessary  to  take  the  utmost  precautions  to  avoid  even  slight 
rises  of  temperature  in  the  mixture  of  pneumococcus  extract  blood  cells  during  the 
“absorption”  period.  The  apparatus  (pipettes,  etc.)  was  chilled  in  the  ice  box 
before  use  in  the  experiment  and  all  stages  of  the  manipulation  including  the 
centrifugation  were  carried  out  at  a  temperature  of  2°C. 

The  results  of  this  experiment  (Table  IV)  present  proof  that  different 
substances  are  involved  in  the  bacteriolytic  and  hemolytic  activities 
of  pneumococcus  extracts.  The  tests  of  the  hemolytic  activity  of 
supernatant  fluid  (Table  IV)  proved  that  the  hemotoxin  was  completely 
removed  from  the  “absorbed”  fluid.  The  prompt  hemolysis  which 
took  place  when  the  “absorbed”  blood  cells  were  resuspended  in  warm 
salt  solution,  proved  that  the  hemotoxin  was  actually  combined  with 


TABLE  IV. 

Separation  of  the  Hemotoxin  and  the  Bacteriolytic  Enzyme  Contained  in 
Pneumococcus  Extracts. 


Pneumococcus  extract 

Bacteriolytic  activity 

Hemolytic  activity 

0.20  cc. 

0.02  cc. 

•  0.20  cc. 

0.02  cc. 

After  absorption  with 
red  blood  cells 

++++ 

-h 

0 

0 

Unabsorbed 

+  +  +  + 

-1- 

+  +  -l-b 

-f-f-l — h 

the  red  cells  and  not  simply  rendered  inactive  by  the  absorption 
treatment. 

Unlike  the  hemotoxin,  the  bacteriolytic  agent  does  not  combine  with 
red  blood  cells.  The  pneumococcus  extract  from  which  all  the  hemo¬ 
toxin  has  been  removed  .Dy  “absorption,”  still  exhibits  marked  bac¬ 
teriolytic  properties.  These  results  are  evidence  that  the  hemotoxin 
and  bacteriolytic  agent  contained  in  pneumococcus  extracts  represent 
two  distinct  substances,  only  one  of  which  possesses  the  property  of 
combining  with  erythrocytes  at  low  temperature.  This  proof  of 
the  separate  identity  of  the  hemotoxin  and  bacteriolytic  agent  is  not 
only  of  considerable  importance  in  itself,  but  it  shows  that  the  re¬ 
activation  of  the  bacteriolytic  agent  represents  a  new  example  of  the 
restoration  of  the  original  activity  of  a  pneumococcus  cell  component 
by  biological  reduction: 
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The  “absorption”  of  the  hemotoxin  is  of  theoretical  interest  from  an  immuno¬ 
logical  point  of  view  since  it  illustrates  a  fundamental  likeness  in  the  action  of 
bacterial  hemotoxins  and  of  the  true  toxins.  The  actual  hemolysis  by  the  hemo¬ 
toxin,  like  cell  injury  by  true  toxins,  includes  two  reactions — (1)  combination  of 
the  toxic  substance  with  a  cell  for  which  it  has  specific  affinity,  (2)  injury  of 
the  cell  with  which  it  has  combined.  The  most  satisfying  proof  that  two  re¬ 
actions  are  involved  is  furnished  by  the  successful  removal  of  the  cell-hemotoxin 
combination  from  reaction  mixtures  held  at  0°C.;  and  by  the  subsequent  rapid 
injury  of  the  cell  which  occurs  in  suspensions  of  the  cell-hemotoxin  combination 
as  soon  as  the  temperature  is  raised.  The  phenomenon  of  “absorption”  depends 
upon  differences  in  relative  speeds  of  the  two  reactions,  and  not  upon  the  complete 
inhibition  of  the  second  reaction  for  hemolysis  takes  place  even  at  0°C.  if  the  mix¬ 
tures  are  allowed  to  stand  for  longer  periods  of  time. 

The  Reversible  Inactivation  {Oxidation)  and  Reactivation  {Reduction) 
of  the  Pneumococcus  Bacteriolytic  Enzyme,  by  Living 
Pneumococcus  Cells. 

It  has  been  shown  in  preceding  experiments  that  the  inactive  oxidation  products 
of  the  bacteriolytic  agent  can  be  converted  to  the  original  active  condition  by 
reduction  processes  induced  by  other  bacteria.  Since  it  has  been  proved  that  the 
bacteriol3'tic  substance  represents  an  integral  constituent  of  the  pneumococcus 
cell,  it  is  of  considerable  importance  to  determine  if  the  living  Pneumococcus 
itself  can  likewise  effect  the  “reactivation”  of  the  inactive  oxidation  products  of  this 
cellular  component.  Pneumococci  manifest  either  oxidizing  or  reducing  powers 
dependent  upon  the  presence  or  absence  of  air,  and  in  the  following  experiment 
tests  were  made  to  determine  whether  these  bacteria  can  induce  both  the  oxidation 
(inactivation)  and  reduction  (reactivation)  of  the  bacteriolytic  agent  under  the 
proper  conditions  of  oxygen  tension. 

By  using  only  young  unautolyzed  pneumococci,  it  was  possible  to  remove  the 
bacteria  by  centrifugation  and  to  obtain  a  supernatant  solution  which  included 
no  bacteriolytic  substances  introduced  by  the  microorganisms  used  as  the  oxidizing 
and  reducing  agents.  Control  mixtures  of  broth  and  jneumococci  were  prepared 
at  the  time  of  each  oxidation  and  reduction  treatment  to  prove  this  point. 

The  experiment  was  similar  in  nature  to  previous  experiments  in  which  pneumo¬ 
cocci  were  employed  in  the  reversible  oxidation  and  reduction  of  hemoglobin  (12)^ 
and  of  pneumococcus  hemotoxin  (1).“  The  procedure  included  the  successive 
reversible  oxidation  and  reduction  of  the  bacteriolytic  agent  by  fresh  suspensions 
of  young,  living  pneumococci.  The  oxidation  was  effected  by  aeration  of  the 
mixture  of  enzyme  solution  and  bacterial  cells.  After  allowing  time  for  the  oxi- 


•  Neill  (12),  Table  II. 
"Neill  (1),  Table  V. 
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dation  of  the  bacteriolytic  agent,  the  pneumococci  were  removed  by  centrifugation, 
and  tests  were  made  of  the  bacteriolytic  activity  of  the  supernatant  fluid.  The 
oxidized  solution  was  then  again  reduced  by  adding  a  fresh  suspension  of  young 
pneumococci  and  sealing  the  reduction  mixture.  At  the  end  of  the  period  allowed 
for  reduction,  the  mixture  was  centrifuged  and  tests  were  made  of  the  bacteriolytic 
activity  of  the  supernatant  fluid  of  the  reduced  solution. 

TABLE  V. 


The  Reversible  Inactivation  and  “Reactivation”  of  Pneumococcus  Bacteriolytic 
Enzymes  by  Living  Pneumococcus  Cells. 


Bacteriolytic  activity 

Oxidation  or  reduction 
mixture 

Treatment 

Oxidizing  or  reducing 
agent 

Period  of 
oxidation 
or 

reduction 

(Amounts  of 
mixture  in  terms  of 
original  pneumococcus 
extract) 

0.2  cc. 

0.02  cc. 

hrs. 

Solution  I 

Original  pneumo- 

Sterile  pneumo- 

+  +  +  + 

+  +  + 

coccus  extract 

coccus  extract 
sealed  from  air 

Solution  II 

Solution  I  after 

Sterile  pneumo- 

24 

+  + 

+ 

oxidation 

coccus  extract 
exposed  to  air 

Solution  III 

Solution  II  after 

Young,  intact 

5 

+  +  T  + 

+  + 

reduction 

pneumococci  in 
absence  of  air 

Solution  IV 

Solution  III  after 

Young,  intact 

2 

+ 

oxidation 

pneumococci  in 
presence  of  air 

Supernatants 

of 

0 

0 

controls  (broth 
plus  young  pneu- 
nococci)  for  each 

reduction 

and 

i 

oxidation 

ture 

mix- 

The  sequence  of  conversions  of  the  bacteriolytic  agent  in  the  same  bacterial 
extract  from  the  active  reduced  form  to  the  inactive  oxidized  form,  and  back 
again,  is  outlined  in  Table  V.  Solution  I  represents  the  original  (unoxidized) 
pneumococcus  extract  at  the  beginning  of  the  experiment,  in  which  all  the  bacterio¬ 
lytic  agent  is  in  the  active  state.  The  first  oxidation  was  effected  by  the  oxidizing 
agents  formed  in  the  extract  itself  when  exposed  to  air.  It  is  believed  that  the 
successive  oxidations  (inactivations)  and  reductions  (reactivations)  in  Solutions 
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II,  III,  and  IV  can  be  referred  directly  to  the  oxidizing  or  reducing  action  of  the 
young  pneumococci  added  to  the  respective  mixtures. 

The  results  of  this  experiment  (Table  V)  indicate  that  living  pneu¬ 
mococcus  cells  possess  the  ability  either  to  oxidize  (inactivate)  or  to 
reduce  (reactivate)  the  bacteriolytic  agent.  These  results  are  analo¬ 
gous  to  the  results  of  a  similar  experiment  with  the  hemotoxin  in  w  hich 
it  was  shown  that  pneumococci  possess  a  like  capacity  to  oxidize  and 
reduce  reversibly  this  substance.  The  direction  of  the  action  (oxida¬ 
tion  or  reduction)  is,  in  each  instance,  determined  by  the  presence  or 
absence  of  air.  Pneumococci,  however,  require  a  longer  period  of 
time  to  effect  the  reduction  of  either  of  these  substances  than  is  re¬ 
quired  for  their  oxidation  under  the  appropriate  conditions. 

Both  the  hemotoxin  and  the  bacteriolytic  agent  are  actual  com¬ 
ponents  of  the  pneumococcus  cell.  Hence,  a  demonstration  of  their 
reactivation  by  living  pneumococci  presents  evidence  that  the  inactive 
oxidation  products  of  certain  cellular  constituents  can  be  converted  to 
their  original  active  state  by  reduction  processes  induced  by  bacterial 
cells  of  the  sort  from  which  the  cellular  substance  itself  was  originally 
derived. 

DISCUSSION. 

The  bacteriolytic  agent  in  pneumococcus  extracts  is  inactivated  by 
oxidizing  agents.  It  is  shown  in  this  paper  that  the  bacteriolytic 
activity  of  oxidized  pneumococcus  extracts  can  be  restored  by  treat¬ 
ment  with  the  biological  reducing  agents  which  were  used  in  former 
studies  on  the  “reactivation”  of  oxidized  hemoglobin  and  oxidized  hemo- 
toxins.  By  employing  biological  agents  (anaerobic  bacteria)  for  the 
reduction  of  the  previously  oxidized  extracts  it  was  possible  to  remove 
the  reducing  agent  from  the  test  fluids  prior  to  the  measurements  of 
bacteriolytic  activity.  In  this  respect,  the  use  of  the  biological  re¬ 
ducing  agent  seemed  preferable  to  the  use  of  soluble  chemical  re¬ 
agents  which  would  be  carried  over  with  the  test  fluids  and  perhaps 
affect  the  subsequent  bacteriolytic  action. 

The  reactivation  of  the  bacteriolytic  activity  of  the  oxidized  ex¬ 
tracts  by  means  of  biological  reducing  agents  appears  to  be  similar 
in  nature  to  the  previously  reported  reactivation  of  the  oxidation 
products  of  hemoglobin  and  bacterial  hemotoxins.  With  the  latter 
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substances,  there  seems  to  be  no  question  that  the  reactivation  repre¬ 
sents  a  reduction;  the  following  experimental  evidence  indicates  that 
the  reactivation  of  the  bacteriolytic  agent  involves  the  same  type  of 
reaction.  First,  numerous  controls  proved  that  the  biological  agents 
used  for  the  reduction  did  not  themselves  contribute  any  foreign 
soluble  substances  possessing  bacteriolytic  activity.  Secondly,  the 
reactivation  seems  to  be  dependent  upon  the  presence  of  oxidation 
products,  for  no  reactivation  occurred  except  in  pneumococcus  ex¬ 
tracts  which  had  previously  been  oxidized.  Thirdly,  the  species 
specificity  of  the  bacteriolytic  action  of  reactivated  extracts  presented 
biological  evidence  that  the  bacteriolytic  agent  in  the  reactivated 
extracts  is  identical  with  that  in  the  original  extract.  With  the 
support  of  these  three  lines  of  evidence,  it  is  reasonable  to  believe  that 
the  described  reactivation  of  the  oxidized  bacteriolytic  agent,  like  the 
similar  reactivation  of  oxidized  bacterial  hemotoxins,  is  essentially  a 
reduction  process  which  converts  an  inactive  oxidation  product  to 
the  original  active  (reduced)  form. 

Although  its  possible  enzyme  nature  is  of  no  immediate  consequence, 
it  is  important  to  emphasize  the  fact  that  the  bacteriolytic  substance 
must  be  considered  as  an  actual  constituent  of  the  pneumococcus  cell. 
Whether  or  not  it  is  itself  of  any  importance  in  the  life  of  the  cell,  it 
represents  an  example  of  a  cellular  component  which  is  inactivated  by 
oxidation  and  which  can  subsequently  be  reactivated  by  reduction. 
These  relations  appear  particularly  significant  in  view  of  the  experi¬ 
mental  demonstration  (Table  V)  that  living  pneumococci  themselves 
can  bring  about  either  of  these  two  reactions,  under  the  proper  condi¬ 
tions  of  oxygen  tension.  Thus,  from  a  physiological  point  of  view,  the 
above  results  present  an  example  of  the  conversion  of  the  inactive 
oxidation  product  of  a  cellular  constituent  to  its  original  active  state 
by  means  of  reduction  processes  induced  by  bacterial  cells  of  the  sort 
from  which  the  substance  was  originally  derived.  It  is  evident  that 
if  similar  reversible  relations  hold  for  other  cell  components,  phe¬ 
nomena  of  this  nature  must  play  an  important  part  in  the  maintenance 
of  cellular  activity. 
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SUMMARY. 

The  methods  previously  employed  in  the  study  of  hemotoxins  have 
been  applied  in  the  present  investigation  to  the  oxidation  and  reduc¬ 
tion  of  the  bacteriolytic  substance  of  Pneumococcus.  It  is  shown  that 
the  bacteriolytic  agent,  previously  inactivated  by  oxidation,  can  be 
“reactivated”  by  treatment  with  bacterial  reducing  agents.  Evidence 
is  presented  that  this  “reactivation”  represents  the  reduction  of 
inactive,  reversible  oxidation  products  to  the  original  active  substance. 

The  bacteriolytic  agent  is  an  integral  constituent  of  the  pneumo¬ 
coccus  cell,  which  can  be  separated  from  the  hemotoxin  by  absorption 
with  red  blood  cells  in  the  cold. 
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STUDIES  ON  THE  OXIDATION  AND  REDUCTION  OF 
IMMUNOLOGICAL  SUBSTANCES. 

VII.  The  Differentiation  of  Tetanolysin  and 
Tetanospasmin. 
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{From  the  Department  of  Bacteriology  and  Immunology  of  Vanderbilt  University 
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INTRODUCTION. 

It  is  well  known  that  the  tetanus  bacillus  produces  both  a  hemo- 
toxin  and  a  true,  killing  toxin  (“tetanolysin”  and  “tetanospasmin”). 
Historically,  the  existence  of  the  true  toxin  was  proved  (1)  about  10 
years  before  recognition  of  the  hemotoxin  by  Ehrlich  in  1898  (2,  3). 
The  properties  of  tetanospasmin  are  described  in  detail  in  the  larger 
handbooks  of  immunology,  and  the  literature  on  the  properties  of 
tetanolysin  has  been  reviewed  in  a  previous  paper  in  this  series  (4). 
Both  of  these  products  of  the  tetanus  bacillus  belong  to  the  group  of 
antitoxinogens  and  possess  two  fundamental  properties  in  common: 
(1)  they  are  primarily  toxic  substances  which  possess  an  affinity  for 
particular  cells  (tetanolysin  for  erythrocytes  and  tetanospasmin  for 
nerve  cells,  especially  those  of  the  gray  matter  of  the  brain);  (2) 
they  are  antigenic,  invoking  the  production  of  a  specific  neutralizing 
antibody  (antihemotoxin  and  antitoxin)  when  systematically  injected 
into  an  appropriate  animal. 

Tetanolysin  and  tetanospasmin  have  been  used  as  representative 
“antitoxinogens”  in  classical  experiments,  the  results  of  which  have 
been  used  in  the  establishment  of  many  of  the  fundamental  principles 
of  immunology.  The  theoretical  importance  of  these  principles,  as  well 
as  the  practical  importance  of  tetanus  itself,  makes  it  desirable  to 
obtain  a  definite  differentiation  of  these  two  antigenic  products  of  the 
tetanus  bacillus.  Although  it  is  generally  recognized  that  they  are 
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distinct  substances,  there  is  little  experimental  evidence  available  in 
the  literature  to  show  the  distinction  between  them.  The  most 
satisfactory  differentiation  is  found  in  a  paper  by  Madsen  (3)  (written 
in  Ehrlich’s  laboratory),  who  cites,  from  apparently  unpublished  ex¬ 
periments  of  Ehrlich,  the  following  points  of  difference:  (1)  the  lysin 
and  toxin  appear  in  different  proportions  in  cultures  of  different 
strains;  that  is,  some  strains  are  good  lysin  producers  and  poor 
toxin  producers  and  vice  versa;  (2)  the  lysin  is  much  more  labile 
than  the  toxin  both  to  “spontaneous  deterioration”  and  to  heat; 

(3)  they  have  different  binding  relations;  when  red  blood  cells  are 
added  to  tetanus  culture  fluids  the  lysin  combines  with  red  blood 
cells  while  the  true  toxin  or  tetanospasmin  remains  in  solution; 

(4)  the  lysin  and  the  toxin  have  separate  or  specific  antitoxins.  None 
of  Ehrlich’s  experimental  data  is  given  in  support  of  these  observa¬ 
tions.  (The  reference  quoted  in  all  the  large  German  source  books 
or  handbooks  for  this  differentiation  is  a  short  statement  by  Ehrlich 
(2)  of  the  discovery  of  tetanolysin,  which  mentions  only  the  fourth  of 
the  above  points  of  distinction.) 

The  present  paper  deals  with  the  differentiation  of  tetanolysin  and 
tetanospasmin.  Both  of  these  substances  are  antitoxinogens  and 
both  are  contained  in  culture  fluids  of  tetanus  bacilli.  Since  most  of 
the  differences  in  properties  proposed  for  their  differentiation  are 
quantitative  and  by  no  means  absolute,  the  absence  of  any  experimen¬ 
tal  data  in  the  literature  makes  it  desirable  to  show  the  degree  of 
separation  of  the  two  substances  obtainable  on  the  basis  of  previously 
reported  (2,3)  properties  as  well  as  to  present  new  and  additional 
points  of  distinction. 

This  report,  therefore,  includes  the  results  of  experiments  showing 
differences  in  the  following  properties  of  these  two  antigenic  products 
of  the  tetanus  bacillus:  (1)  time  of  liberation  in  broth  cultures;  (2) 
effect  of  absorption  with  red  blood  cells;  (3)  heat  lability;  (4)  suscep¬ 
tibility  to  oxidation  by  air. 

EXPERIMENTAL. 

Methods. — The  tetanolysin  and  tetanospasmin  used  in  these  experiments  were 
contained  in  broth  culture  fluids  freed  from  bacteria  by  filtration  through  Berke- 
feld  candles.  All  cultures  before  filtration  were  centrifuged  under  vaseline  seal 
at  high  speed  to  remove  most  of  the  bacteria  and  thus  insure  rapid  filtration. 
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The  lysin  “titrations”  were  carried  out  by  the  methods  described  in  a  previous 
paper  (4)  in  this  series.  In  some  of  the  experiments,  titrations  were  made  with 
fluids  treated  with  Na2S204  so  that  the  measurements  would  include  the  hemo- 
lytically  inactive  but  reversible  oxidation  products  of  the  lysin  in  the  culture 
fluids  under  examination. 

The  toxin  “titrations”  were  made  by  subcutaneous  injection  of  different  dilu¬ 
tions  of  the  culture  fluids  in  order  to  determine  the  minimum  dose  causing  death 
and  also  the  minimum  dose  causing  definite  paralysis.  White  mice  of  approxi¬ 
mately  the  same  weight  were  used;  all  injections  were  made  at  the  base  of  the  tail. 
In  spite  of  the  frequent  reports  of  the  unreliability  of  mice  for  toxin  measurements, 
our  results  were  always  regular  when  mice  of  uniform  age  and  weight  were  selec¬ 
ted  for  the  exp)eriments. 

The  EJJect  of  Berkef eld  Filtration  upon  Tetanolysin  and  Tetanospasmin. 

The  literature  (5)  is  practically  unanimous  in  stating  that  tetanus  culture 
fluids  cannot  be  filtered  without  great  losses  in  the  content  of  both  the  lysin  and 
the  toxin.  The  loss  is  commonly  ascribed  to  absorption  or  combination  of  the 
lysin  and  toxin  to  the  constituents  of  the  filter.  Zunz  (6)  included  kaolin,  diatoma- 
ceous  earth,  talc,  and  clay  in  a  study  of  the  absorption  of  tetanus  lysin  and  toxin. 
Although  he  found  that  absorption  of  tetanus  fluids  with  some  of  these  sub¬ 
stances  removed  different  proportions  of  the  lysin  and  toxin,  none  of  his  absorp¬ 
tions  removed  all  of  either  the  lysin  or  toxin  without  also  removing  a  large  propor¬ 
tion  of  the  other. 

While  it  did  not  seem  probable  that  Berkefeld  filtration  would  effect  any  spe¬ 
cific  separation  of  the  lysin  and  toxin,  it  was  desired  to  use  the  sterile,  filtered 
fluids  for  our  experiments  if  the  filtration  did  not  cause  too  great  a  decrease  in 
the  active  substanres.  Hence,  comparisons  were  made  of  the  lysin  and  toxin 
contents  of  a  number  of  different  tetanus  fluids  before  and  after  Berkefeld  filtra¬ 
tion.  A  protocol  of  a  typical  expjeriment  is  given  in  Table  I. 

The  results  in  Table  I  present  a  comparison  of  the  lysin  and  toxin  contents  of 
the  centrifuged  supernatant  of  a  7  day  old  glucose  broth  culture,  before  and  after 
Berkefeld  filtration.  In  the  case  of  the  lysin,  the  slight  differences  in  the  hemo¬ 
lytic  activity  of  the  filtered  and  unfiltered  fluids  are  detectable  only  in  the  two 
smallest  increments  of  fluid  tested.  In  the  case  of  the  toxin,  a  slight  diminution 
is  indicated  by  the  smaller  amount  of  the  unfiltered  fluid  which  was  able  to  cause 
paralysis.  However,  with  the  test  increments  employed  in  the  titration,  no  dif¬ 
ference  could  be  shown  in  the  minimum  lethal  dose.  Thus,  although  some  loss 
in  both  lysin  and  toxin  did  occur  incident  to  the  filtration,  the  loss  was  small 
and  not  of  the  order  of  magnitude  reported  in  the  literature.  Similar  com¬ 
parisons  made  with  the  fluids  of  20  day  and  30  day  cultures  showed  no  greater 
losses  in  either  toxin  or  lysin.  (Since  no  disinfectants  were  added  to  the  super¬ 
natant  fluids  of  the  tetanus  cultures,  it  is  obvious  that  they  contained  a  few 
tetanus  spores.  It  is  interesting  to  note  that  although  a  few  live  spores  were 
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necessarily  injected  in  the  tests,  their  presence  in  the  unfiltered  fluids  apparently 
did  not  affect  the  toxin  titrations.) 

It  is  evident  that  the  loss  of  lysin  and  toxin  in  our  experiments  was  extremely 
slight  in  comparison  with  the  great  losses  attributed  to  filtration  in  the  literature. 
Our  precautions  to  prevent  loss  of  the  active  substances  consisted  chiefly  in 
attempts  to  carry  out  the  filtration  as  rapidly  as  possible  and  at  a  low  tempera¬ 
ture.  (Since  pH  is  frequently  an  important  factor  in  determining  successful 
filtration,  it  is  desirable  to  state  that  the  reaction  of  the  fluids  at  time  of  filtra- 


TABLE  I. 

Effect  of  Bcrkefeld  Filtration  upon  the  Lysin  and  Toxin  Contained  in  the  Centri¬ 
fuged  Supernatants  of  Tetanus  Culture  Fluids. 


Lysin  titration* 

Toxin  titration** 

Amount  of 

Hemolytic  activity 

Amount  of 

Time  of  death  or  condition  of  mice 
4  days  after  injection 

culture  fluid 

Before 

filtration 

After  filtration 

culture  fluid 

Before  filtration 

After  filtration 

cc. 

cc. 

0.005 

+  +  +  + 

+  +  +  + 

0.003 

1  to  2 

1  to  2 

0.003 

+  +  + 

+  +  + 

0.002 

1  to  2 

1  to  2 

0.002 

-b  + 

+  + 

0.001 

PP 

0 

0.001 

+  + 

+ 

0.0008 

P 

0 

0.0005 

+ 

± 

0.0006 

P 

0 

*  -t-  -b  -b  +  =  complete  hemolysis. 

-b  +  4-  =  hemolysis  approximately  3/4  complete. 

-b  -b  =  hemolysis  approximately  1  /2  complete. 

-b  =  hemolysis  approximately  1/4  complete. 

±  =  hemolysis  approximately  1/20  complete. 

0  =  no  hemolysis. 

**  Numerals  indicate  lime  of  death  in  days. 

PP  =  marked  paralysis  within  4  days. 

P  =  slight  paralysis  within  4  days. 

0  =  no  paralysis. 

tion  was  approximately  pH  6.7  before  exposure  to  air.)  The  culture  fluids  were 
chilled  and  then  centrifuged  at  high  speed,  under  vaseline  seal.  The  clear  super¬ 
natant  fluid  was  again  chilled  to  about  5°C.  and  finally  filtered  through  a  dry 
(V  type)  Berkefeld  filter  into  a  flask  packed  in  ice;  the  filtrate  was  sealed  with 
vaseline  immediately  after  filtration.  The  loss  in  filtration  under  these  condi¬ 
tions  was  so  slight  that  it  seemed  unnecessary  to  carry  out  the  process  in  a  nitro¬ 
gen  atmosphere  as  previously  employed  in  the  filtration  of  pneumococcus  ex¬ 
tracts  (7). 
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Comparison  of  the  Time  of  Liberation  of  the  Lysin  and  Toxin  in  Tetanus 

Culture  Fluids. 

Both  the  lysin  and  the  toxin  of  the  tetanus  bacillus  are  commonly  considered 
as  “exocellular”  bacterial  products,  since  both  of  them  are  liberated  into  the  cul¬ 
ture  fluid  and  are  obtained  in  filtrates  devoid  of  the  bacterial  cells.  Although  both 
of  them  are  exocellular  substances,  it  seemed  desirable  to  determine  whether  or 
not  the  two  products  might  not  be  differentiated  by  the  stage  of  growth  during 
which  they  are  liberated  into  the  culture  fluid.  The  experiments  consisted  of 
titrations  of  the  lysin  and  toxin  on  the  filtrates  of  cultures  of  different  ages.  A 
condensed  protocol  of  a  typical  experiment  is  presented  in  Table  II. 


TABLE  II. 


Time  of  Liberation  of  Lysin  and  Toxin  in  Tetanus  Culture  Fluids. 


Lysin  titration 

Toxin  titration 

Amount  of 

Hemolytic  activity 

Amount  of 

Time  of  death  or  condition  of  mice 

4  days  after  injection 

culture  fluid 

19  hr.  cul¬ 
ture  filtrate 

7  day  cul¬ 
ture  filtrate 

30  day  cul¬ 
ture  filtrate 

culture  fluid 

19  hr.  cul¬ 
ture  filtrate 

7  day  cul¬ 
ture  filtrate 

30  day  cul¬ 
ture  filtrate 

cc, 

0.01 

+  +  +  + 

+  +  +  + 

+  +  +  + 

cc. 

0.02 

3 

1 

0.008 

++-!-+ 

-I-I-  +  + 

+  +  +  + 

0.01 

4  to  5 

1 

0.005 

++++ 

+  +  +  + 

-t-  +  + 

0.005 

PP 

1  to  2 

1  to  2 

0.003 

+-I-  + 

+  -1-  + 

+  + 

0.004 

P 

1  to  2 

1  to  2 

0.002 

-b-l- 

+  -f 

+ 

0.003 

P 

1  to  2 

1  to  2 

0.001 

-h 

+ 

0.002 

0 

1  to  2 

1  to  2 

0.0005 

0 

0 

0 

0.001 

0 

0 

0 

The  results  (Table  II)  show  that  tetanolysin  and  tetanospasmin  may 
be  differentiated  to  a  certain  extent  by  the  time  of  their  liberation  into 
the  culture  fluid.  The  19  hour  culture,  with  the  relatively  large  inocu¬ 
lum  used  in  this  experiment,  had  already  attained  its  maximum  growth, 
while  the  7  day  and  30  day  cultures  must  be  considered  to  represent 
cultures  which  had  passed  far  beyond  the  period  of  active  bacterial 
growth.  It  is  evident  from  the  titrations  of  the  filtrates  of  these 
cultures,  that  the  lysin  had  reached  its  maximum  in  the  19  hour  culture, 
while  the  toxin  attained  its  maximum  only  in  the  older  cultures. 
Hence,  tetanolysin  can  be  considered  as  a  substance  which  is  elaborated 
and  liberated  into  the  culture  fluid  during  the  period  of  active  growth 
of  tetanus  bacilli;  tetanospasmin,  on  the  other  hand,  is  either  elabo- 
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rated  much  more  slowly  or  is  retained  longer  within  the  bacterial  cell 
for  it  is  not  set  free  in  the  culture  fluid  until  long  after  the  period  of 
bacterial  multiplication.  From  a  physiological  point  of  view,  it  is 
interesting  to  observe  that  these  two  antigenic  products  of  tetanus 
bacilli  (lysin  and  toxin)  differ  from  each  other  in  respect  to  the  time 
of  their  elaboration  or  liberation,  in  much  the  same  way  as  do  the  two 
principal  end-products  of  bacterial  nitrogen  metabolism;  i.e.,  the  lysin, 
like  ammonia,  accumulates  in  the  culture  fluid  during  the  period  of 
bacterial  multiplication;  the  toxin,  like  amino  acids,  accumulates 


TABLE  III. 


Separation  of  Tetanolysin  and  Tetanospasmin  by  Absorbing  Tetanus  Culture  Fluids 
with  Red  Blood  Cells. 


Lysin  titration 

Toxin  titration 

Amount  of 
culture  fluid 

Hemolytic  activity 

Amount  of 
culture  fluid 

Time  of  death  or  condition  of  mice 

4  days  after  injection 

Absorbed  with 
red  blood  cells 

Unabsorbed 

control 

Absorbed  with 
red  blood  cells 

Unabsorbed 

control 

CC. 

CC. 

0.06 

db 

+  +  +  + 

0.0010 

1  to  2 

1  to  2 

0.03 

0 

-f  +  +  + 

0.0007 

1  to  2 

2  to  3 

0.010 

0 

+ 

0.0005 

2  to  3 

2  to  3 

mmM 

0 

± 

0.0002 

3  to  4 

3  to  4 

0 

0 

0.0001 

PP 

PP 

during  later  periods  when  growth  has  ceased  and  when  the  bacterial 
enzymes  alone  remain  operative. 

Separation  of  Tetanolysin  and  Tetanospasmin  by  Absorbing  Tetanus 
Culture  Fluids  with  Red  Blood  Cells. 

The  technique  employed  in  the  absorption  of  tetanolysin  was  essentially  the 
same  as  that  utilized  in  the  preceding  paper  (8)  for  the  absorption  of  pneumo¬ 
coccus  hemotoxin.  The  same  temperature  precautions  were  observed  to  reduce 
the  possibilities  for  hemolysis  during  the  absorption.  The  red  blood  cells  used  in 
the  absorption  were  washed  with  especial  care  in  order  to  avoid  any  possibil¬ 
ity  of  combination  of  the  toxin  with  lipoid  or  other  serum  constituents. 

The  filtrate  of  a  7  day  culture  (which  contained  both  the  lysin  and  the  toxin) 
was  diluted  with  33  volumes  of  sterile  salt  solution.  The  diluted  fluid  was 
divided  into  two  portions  and  put  into  separate  tubes;  1  cc.  of  washed  red  blood 
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cells  (rabbit)  was  added  to  one  tube;  no  blood  cells  were  added  to  the  second  tube, 
which  served  as  the  “unabsorbed  control.”  After  a  12  hour  period  allowed  for 
combination  of  the  lysin  with  the  blood  cells,  both  tubes  were  centrifuged,  the 
supernatant  fluids  pipetted  off  and  titrated  for  lysin  and  toxin.  A  condensed 
protocol  of  a  typical  experiment  is  presented  in  Table  III. 

The  results  of  experiments  of  this  type  (Table  III)  furnish  the  most 
satisfactory  proof  that  tetanolysin  and  tetanospasmin  are  two  distinct 
and  separate  substances.  Although  the  culture  fluid  contains  both 
the  lysin  and  the  toxin,  the  lysin  can  be  completely  removed  by  absorp¬ 
tion  with  red  blood  cells  without  diminishing  the  toxin  content  at  all. 
(The  very  slight  amount  of  lysin  (Table  III)  left  in  the  absorbed  fluid 
is  probably  due  to  the  equilibrium  established  between  the  eryth- 
rocyte-lysin  combination  and  the  free  lysin.  Even  this  small  amount 
of  residual  lysin  can  be  removed  by  a  second  absorption  without 
decreasing  the  toxin  content.)  That  the  lysin  had  been  removed  by 
true  combination  with  the  erythrocytes  was  proved  by  the  prompt 
hemolysis  of  the  ‘‘absorbed”  cells  as  soon  as  they  were  resuspended 
in  warm  salt  solution;  the  “absorbed”  cells  could  be  washed  several 
times  at  a  low  temperature  without  removing  the  combined  lysin. 

The  results  of  this  experiment  which  confirm  Ehrlich’s  observation 
(3)  furnish  an  interesting  example  of  the  specificity  of  bacterial 
“antitoxinogens”  for  particular  cells:  both  of  these  primarily  toxic 
antigenic  products  are  produced  by  the  same  bacillus,  but  one  of  them, 
tetanolysin,  possesses  a  specific  affinity  for  red  blood  cells,  while  the 
other,  tetanospasmin,  possesses  a  like  affinity  for  the  cells  of  nerve 
tissue. 

Comparison  of  the  Heat  Labilities  of  Tetanus  Lysin  and  Toxin. 

One  of  Ehrlich’s  points  of  differentiation  between  tetanus  lysin  and  toxin  is 
their  difference  in  heat  lability.  Our  experiments  to  determine  the  difference 
in  the  degree  of  heat  lability  of  the  two  substances  included  the  following  heating 
treatments:  10  minutes  at  55°C.;  5  minutes  at  60‘’C.;  and  10  minutes  at  60°C. 
The  fluids  were  protected  from  air  during  the  heating  tests.  The  results  are 
presented  in  Table  IV. 

The  results  (Table  IV)  as  a  whole  show  that  the  distinction  between 
the  two  substances  on  the  basis  of  differences  in  heat  lability  is  only 
quantitative,  since  it  proved  impossible  to  destroy  all  the  lysin  without 
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at  the  same  time  inactivating  a  considerable  portion  of  the  toxin. 
Indeed,  when  the  heating  tests  were  made  at  55°C.  the  toxin  inactiva¬ 
tion  was  not  much  less  than  the  lysin  inactivation.  While  the  rates  of 
the  inactivation  of  the  two  substances  seemed  approximately  the  same 
at  55°C.,  an  increase  of  5°C.  apparently  accelerates  the  lysin  inacti¬ 
vation  more  than  it  does  the  toxin  inactivation;  and  at  60°C.  the 
distinction  between  the  heat  labilities  of  the  two  substances  became 
more  pronounced.  5  minutes  exposure  of  the  fluid  to  60°C.  destroyed 
practically  all  the  lysin,  while  it  only  reduced  the  toxin  to  about  one- 


TABLE  IV. 


Comparison  of  the  Heat  Labilities  of  Tetanus  Lysin  and  Toxin. 


Lysin  titration 


Amount 
of  culture 
fluid 

Hemolytic  activity 

Unheated 

10  min. 
at  55°C. 

5  min. 
at  60°C. 

10  min. 
at  60°C. 

cc. 

0.5 

+  -1-I-I- 

-l-l-f-f- 

± 

0 

0.2 

+  +  +  + 

+  +  +  -I- 

0 

0 

0.1 

-t-  +  +  + 

+  +  -I-1- 

0 

0 

0.05 

+  +  +  + 

-I-I-I-  + 

0 

0 

0.03 

-I-4-I-  + 

+  +  -I-  + 

0 

0 

0.02 

-h-|-+  + 

+  +  + 

0 

0 

0.01 

-t-t-l-l- 

-I-I-  + 

0 

0 

0.002 

-I-  + 

0 

0 

0 

0.001 

-1- 

0 

0 

0 

Toxin  titration 


Amount 
of  culture 
fluid 

Time  of  death  or  condition  of  mice 

96  hrs.  after  injection 

Un¬ 

heated 

10  min. 
at  S5°C. 

S  min. 
at  60°C. 

10  min. 
at  60°C. 

CC. 

0.02 

1 

1  to  2 

2  to  3 

0.01 

1  to  2 

2  to  3 

3  to  4 

0.006 

1  to  2 

3  to  4 

4  to  5 

0.003 

1  to  2 

1  to  2 

PP 

PP 

0.002 

1  to  2 

2  to  3 

P 

0 

0.001 

1  to  2 

3  to  4 

0 

0 

0.0007 

2  to  3 

PP 

0 

0 

0.0005 

2  to  3 

PP 

0 

0 

0.0002 

PP 

P 

0 

0 

tenth  its  original  potency.  A  phenomenon  frequently  observed  in 
the  heat  inactivation  of  toxins  is  evidenced  in  the  results  of  the  heating 
at  60°C.:  while  the  greater  part  of  the  toxin  was  inactivated  by  5 
minutes  exposure  to  60°C.,  exposure  for  twice  this  period  caused  no 
further  increase  in  the  m.l.d.  of  the  toxin  and  only  a  slight  increase 
in  the  time  of  death. 

Hence,  the  results  of  this  experiment  show  that  a  more  satisfactory 
distinction  between  tetanolysin  and  tetanospasmin  can  be  obtained  at 
60°C.  than  at  lower  temperatures;  but  that  any  distinction  made  be¬ 
tween  them  from  the  standpoint  of  heat  lability  must  be  quantitative 
in  nature. 
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Di£erences  in  the  Susceptibilities  of  Tetanolysin  and  Tetanospasmin 
to  Oxidation  by  Air. 

Ehrlich’s  differentiation  of  tetanolysin  and  tetanospasmin  includes  the  state¬ 
ment  that  the  “spontaneous  deterioration”  of  the  lysin  is  more  rapid  than  that 
of  the  toxin.  The  following  experiment  was  made  to  furnish  data  showing  the 
differences  in  the  susceptibility  of  the  two  substances  to  oxidation  when  filtrates 
containing  both  of  them  are  exposed  to  air.  In  these  experiments,  the  lysin 
titrations  included  measurements  of  fluids  treated  with  Na2S204  which  serves 
to  convert  any  hemolytically  inactive  reversible  oxidation  products  of  the  lysin 


TABLE  V. 

Differences  in  the  Susceptibilities  of  Tetanolysin  and  2'etanospasmin  to  Oxidation 

by  Air. 


Lysin  titration 

Toxin  titration 

Hemolytic  activity 

Time  of  death 
or  condition  of  mice  96 
hrs.  after  injection 

Exposed  to  air 

Amount 
of  culture 
fluid 

Not  treated 
with 
Na2S204 

Treated  with 
Na2S204 

Not 

treated 

with 

Na2S204 

Treated  with 
Na2S204 

Not 

exposed  to 
air 

Exposed  to 
air 

cc, 

0.05 

+  +  +  + 

+  +  +  + 

+  + 

+  +  +  + 

CC,  1 

0.004 

3  to  4 

3  to  4 

+  +  +  + 

+  +  +  + 

+ 

+  +  +  + 

mSm 

PP 

PP 

+  +  +  + 

+  +  +  + 

0 

+  +  +  + 

PP 

PP 

+4 — 

+  +  +  + 

0 

+  +  + 

PP 

PP 

+  + 

+ 

0 

+ 

0 

0 

to  the  active  form.  These  measurements  furnished  a  means  of  determining 
whether  the  loss  in  hemolytic  activity  previously  termed  “spontaneous  deteriora¬ 
tion”  was  in  fact  an  oxidation,  since  only  oxidation  products  could  be  “reacti¬ 
vated”  by  the  reducing  agent. 

Tetanus  culture  filtrate  containing  both  the  lysin  and  the  toxin  was  divided 
into  two  portions.  One  portion  was  placed  in  a  long  narrow  tube  and  sealed 
with  vaseline;  the  other  portion  was  freely  exposed  to  air  in  a  shallow  layer  in  an 
Erlenmeyer  flask.  Both  the  sealed  and  the  exposed  fluids  were  kept  at  35°C. 
for  24  hours,  and  then  titrated  for  lysin  and  toxin  by  the  methods  used  in  the 
previous  experiments.  The  results  are  presented  in  Table  V. 
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The  results  of  this  experiment  (Table  V)  show  a  definite  difference 
in  the  susceptibility  of  tetanolysin  and  tetanospasmin  to  inactivation 
by  oxidation  with  air.  The  exposure  to  air  caused  a  much  greater 
diminution  of  the  content  of  active  lysin  than  occurred  with  the  toxin. 
That  the  marked  difference  between  the  hemolytic  activities  of  the 
sealed  and  aerated  fluids  was  due  to  an  actual  oxidation  was  proved  by 
the  fact  that  when  the  aerated  fluid  was  treated  with  a  reducing  agent 
it  regained  an  activity  approximately  identical  to  that  of  the  unexposed 
fluid.  Since  only  oxidation  products  of  the  lysin  could  be  reactivated 
by  the  reducing  agent,  this  evidence  contributes  information  not 
furnished  in  the  literature  where  the  loss  in  activity  is  indefinitely 
referred  to  as  “spontaneous  deterioration.”  In  contrast  to  the 
marked  decrease  in  active  lysin,  exposure  of  the  same  fluid  to  air 
caused  no  significant  loss  in  the  active  killing  toxin;  in  fact  no  loss  at 
all  could  be  detected  with  the  test  doses  employed  in  the  experiment. 

Comparison  of  the  above  differences  in  the  ease  of  oxidation  of  the 
lysin  and  toxin  with  the  previous  results  on  differences  in  heat  lability 
(Table  IV)  indicates  that  one  can  obtain  a  more  satisfactory  separation 
of  these  two  products  by  taking  advantage  of  differences  in  their  sus¬ 
ceptibility  to  oxidation  than  can  be  obtained  by  differences  in  their 
heat  labilities.  However,  it  must  not  be  deduced  from  the  results  in 
Table  V  that  tetanospasmin  is  not  affected  at  all  by  exposure  to  air 
for  we  have  frequently  observed  marked  losses  in  tetanus  toxin  content 
of  fluids  which  have  been  exposed  to  air  for  several  days  (9). 

DISCUSSION. 

The  preceding  experiments  have  shown  the  following  points  of 
differentiation  between  tetanolysin  and  tetanospasmin:  (1)  the  lysin 
is  set  free  during  the  period  of  active  growth  of  the  culture,  while  most 
of  the  toxin  liberation  occurs  after  bacterial  multiplication  has  ceased; 
(2)  the  lysin  possesses  specific  combining  affinity  toward  red  blood 
cells  at  0°C.,  and  the  toxin  does  not  possess  this  property  at  all;  (3) 
the  lysin  is  more  heat-labile  than  the  toxin,  but  the  difference  in  this 
property  is  only  relative;  (4)  the  lysin  is  also  more  susceptible  to  oxi¬ 
dative  inactivation  than  is  the  toxin. 

Although  much  of  this  information  has  been  reported  as  statements 
of  fact  in  the  literature,  an  extensive  search  has  revealed  no  experi- 
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mental  data  for  the  differentiation  of  tetanolysin  and  tetanospasmin. 
The  importance  of  the  two  antitoxinogens  of  the  tetanus  bacillus  makes 
it  desirable  to  present  evidence  showing  the  degree  of  separation  of  the 
two  products  (lysin  and  toxin)  which  can  be  made  upon  the  basis  of  dif¬ 
ferences  in  the  above  properties.  The  most  satisfactory  separation  of 
the  lysin  and  toxin  is  obtained  by  absorption  with  red  blood  cells  which 
specifically  removes  tetanolysin  without  decreasing  the  tetanospas¬ 
min  content  of  the  culture  fluid.  The  separation  effected  on  the 
basis  of  the  other  properties  is  only  a  relative  one.  Heating  tetanus 
culture  filtrate  at  60°C.  for  short  periods,  destroys  practically  all  the 
lysin,  but  a  significant  amount  of  the  toxin  is  also  inactivated  by  the 
same  treatment.  The  separation  of  the  two  substances  by  means  of 
differences  in  their  susceptibility  to  oxidation  is  likewise  only  a  quanti¬ 
tative  separation;  but  if  the  oxidation  treatment  is  properly  chosen, 
most  of  the  lysin  can  be  inactivated  without  causing  significant  losses 
in  toxin. 

The  separations  of  the  lysin  and  the  toxin  by  absorption  with  red 
blood  cells,  or  by  fractional  inactivation  by  heat,  or  by  oxidation  yield 
a  fluid  containing  an  increased  proportion  of  the  toxin  and  a  decreased 
proportion  of  the  lysin.  The  opposite  result  {i.e.  a  culture  fluid  con¬ 
taining  the  maximum  amount  of  tetanus  lysin  and  the  minimum 
amount  of  tetanospasmin)  can  be  obtained  by  taking  advantage  of 
differences  in  the  period  of  growth  in  which  the  two  products  are  liber¬ 
ated.  Tetanus  culture  fluids  if  filtered  shortly  after  the  end  of  the 
period  of  active  bacterial  cell  growth,  contain  the  maximum  amount 
of  lysin,  and  only  minimum  amounts  of  the  true  toxin;  due  to  the 
delayed  liberation  of  toxin  and  the  cessation  of  lysin  elaboration, 
older  cultures  contain  an  increased  proportion  of  the  true  toxin. 

The  differentiation  of  the  hemotoxin  (tetanolysin)  and  the  true  toxin 
(tetanospasmin)  of  the  tetanus  bacillus  is  of  particular  importance  from 
an  immunological  point  of  view,  since  both  of  them  are  antitoxinogens 
which  have  been  utilized  in  the  illustration  of  important  fundamental 
principles.  While  it  has  become  increasingly  more  evident  that 
bacterial  cells  and  bacterial  filtrates  represent  complex  systems  con¬ 
taining  a  number  of  different  antigenic  constituents,  only  a  few  of 
these  antigens  would  be  included  in  the  antitoxinogen  group  since  the 
majority  of  them  give  rise  to  sensitizing  antibodies  rather  than  the 
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neutralizing  type  of  antibody.  From  this  aspect,  the  recognition  of 
tetanolysin  and  tetanospasmin  as  distinct  and  separate  substances 
acquires  interest  as  an  example  of  two  primarily  and  specifically  toxic 
antigens  (antitoxinogens)  which  are  produced  and  liberated  in  the  same 
culture  fluid  by  one  species  of  bacteria.  There  are  few,  if  any,  other 
known  examples  of  the  production  by  the  same  bacteria  of  two  distinct 
and  different  antigens  of  the  toxin  type  in  which  the  true  antigenic 
nature  of  each  of  the  products  is  as  definitely  established  as  in  the 
case  of  the  hemotoxin  and  true  toxin  of  the  tetanus  bacillus. 

SUMMARY. 

Tetanolysin  and  tetanospasmin  possess  in  common  the  immuno¬ 
logical  properties  of  the  group  of  “antitoxinogens.”  Both  of  them 
are  contained  in  undeteriorated  culture  fluids  of  the  tetanus  bacillus, 
but  each  of  them  represents  a  distinct  and  separate  antigenic  sub¬ 
stance.  Experimental  data  illustrating  points  of  difference  in  their 
properties  are  presented  in  this  paper. 
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Although  it  is  well  known  that  at  certain  temperatures  antibodies 
are  destroyed  or  inactivated,  nevertheless  with  few  exceptions  detailed 
experiments  covering  this  point  are  not  readily  available.  T.  Smith 
and  Reagh  (1)  showed  that  there  were  two  well  defined  types  of 
agglutinin  for  the  hog  cholera  bacillus;  one  they  termed  flagellar 
agglutinin,  the  other,  body  agglutinin.  Beyer  and  Reagh  (2)  were 
able  by  a  series  of  experiments  to  differentiate  the  flagellar  and 
somatic  (body)  agglutinins  by  means  of  heat;  the  former  was  unim¬ 
paired  when  heated  at  70°C.  for  20  minutes,  while  the  action  of  the 
somatic  agglutinin  was  markedly  impaired  under  these  conditions. 
Joos  (3)  had  previously  called  attention  to  the  fact  that  when  typhoid 
agglutinin  was  heated  at60-62°C.  for  1  hour,  a  portion  of  the  agglutinin 
was  destroyed.  More  recently  Orcutt  (4)  took  up  the  study  and 
showed  that  a  temperature  of  70°C.  destroyed  the  somatic  agglutinin 
to  a  considerable  extent  and  75°C.  rendered  it  completely  in¬ 
active.  On  the  other  hand,  70°C.  failed  to  affect  appreciably  the 
flagellar  agglutinin  and  75°C.  rendered  it  a  little  less  active.  It  seems 
definite  that  certain  types  of  agglutinin  react  differently  to  varying 
temperatures.  The  data  in  regard  to  the  behavior  of  other  types  of 
agglutinins,  precipitins,  and  hemolysins  are  not  so  definite. 

In  addition  to  a  study  of  the  specific  effect  of  the  various  substances 
upon  their  respective  antigens,  it  seemed  of  further  interest  to  ascer¬ 
tain  whether  antibody  was  still  capable  of  combining  with  its  antigen 
although  remaining  in  insufficient  quantities  to  give  visible  reactions. 
It  might  also  be  possible  that  heat  so  affects  some  of  the  serum  proteins 
that  they  no  longer  respond  in  a  characteristic  manner,  thus  rendering 
inoperative  the  usual  physical  phenomena  used  to  interpret  the  results. 
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Complement  fixation  seemed  to  meet  these  objections.  With  these 
points  in  view,  it  was  decided  to  study  the  effect  of  various  temper¬ 
atures  on  certain  antibodies  contained  in  the  blood  serum  of  rabbits. 

EXPERIMENT  AT.. 

Rabbits  were  immunized  to  various  substances  and  when  a  sufficiently  high 
titered  serum  was  obtained  the  animals  were  bled  and  the  serum  collected  and 
stored  in  the  refrigerator.  The  serum  containing  agglutinin  and  hemolysin  was 

TABLE  I. 

The  Effect  of  Various  Temperatures  on  Flagellar  Agglutinin. 


Dilutions  of  serum 


■ 

O 

© 

s 

1:160 

1:320 

1:640 

1:1,280 

1:2,560 

c* 

c 

c 

c 

C 

C 

+  +  + 

+  + 

+ 

+  - 

+  - 

Heated 

at 

°C. 

65 

c 

c 

c 

c 

c 

+  +  +  + 

+  + 

+ 

+ 

+  - 

70 

c 

c 

c 

c 

+++ 

+  + 

+ 

+ 

+ 

+  - 

- 

75 

+++ 

-}-++ 

++++ 

-b-b++ 

+++ 

-b  + 

+ 

+ 

+  - 

- 

- 

80 

+ 

-b 

+ 

-b 

-b 

+  - 

+  - 

— 

— 

— 

— 

85 

-b- 

+- 

+- 

- 

- 

- 

- 

- 

- 

- 

- 

90 

+- 

+- 

+- 

— 

— 

— 

— 

— 

— 

— 

— 

*  C  indicates  complete  clumping  of  the  antigen;  +  -h  +  -t-,  marked  agglutination 
without  complete  clumping  of  the  test  fluid;  well  defined  agglutination; 

+  +,  less  well  defined;  definitely  positive;  -f— ,  small  deposits  of  clumped 
bacilli  on  the  bottom  of  the  tube. 

diluted  in  four  parts  of  normal  NaCl  solution  and  heated  at  various  temperatures. 
The  precipitin  was  diluted  with  equal  parts  of  NaCl  solution  and  then  heated. 

In  all  experiments  corrected  thermometers  were  used  and  the  various  materials 
heated  in  a  deep  water  bath  in  tightly  stoppered  tubes  for  20  minutes.  The  tests 
were  always  made  with  the  same  lot  of  specific  antigen.  When  complement  was 
employed  it  was  of  the  same  lot  and  of  uniform  concentration.  The  appended 
protocols  afford  examples  of  various  observations. 

Experiment  1. — Agglutinin  was  prepared  by  immunizing  a  rabbit  with  a  motile 
strain  of  the  hog  cholera  bacillus.  The  serum  was  diluted  with  four  parts  of  normal 
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salt  solution  and  distributed  in  sterile  tubes.  One  part  was  left  unheated,  the 
others  were  heated  for  20  minutes  at  various  temperatures.  A  portion  of  the  con¬ 
tents  of  each  tube  was  then  tested  for  “flagellar”  agglutinin  with  the  motile  strain. 
Another  portion  was  tested  with  a  non-motile  strain  of  the  hog  cholera  bacillus 
and  a  portion  of  the  remainder  used  in  the  complement  fixation  tests  further  to 
confirm  the  findings.  The  protocols  are  submitted  in  Tables  I  and  II. 

These  experiments  substantiate  the  results  of  the  previous  workers. 
75°C.  for  20  minutes  is  a  critical  temperature  at  which  the  two  ag¬ 
glutinins  may  be  readily  separated.  The  flagellar  type  resists  tem¬ 
peratures  considerably  higher;  even  after  exposure  to  80®C.  well  de- 

TABLE  II. 


The  Effect  of  Heat  on  the  Agglutinin  for  the  Non-Motile  Strain  of  the  Hog  Cholera 

Bacillus. 


fined  agglutination  occurs  when  the  heated  serum  and  antigen  are 
mixed.  At  temperatures  still  higher  it  is  possible  to  show  that  agglu¬ 
tinin  still  persists.  It  will  be  noted  in  Table  I  that  in  the  lower 
dilutions  the  reaction  has  been  interpreted  as  -1 — .  If  the  small 
deposits  found  on  the  bottom  and  sides  of  the  tube  are  examined 
microscopically  it  is  found  that  they  are  composed  of  clumped  masses 
of  bacilli.  If  this  experiment  is  repeated  as  a  microscopic  agglutina¬ 
tion  test,  comparable  results  are  obtained.  The  bacilli  lose  their 
motility  and  form  small,  loose  clumps. 

It  might  be  argued  that  the  antibody  still  remained  in  the  serum, 
particularly  in  the  case  of  the  somatic  agglutinin,  but  through  some 
physical  or  other  change  in  the  globulin  was  incapable  of  reacting 
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with  its  antigen  in  the  characteristic  manner.  As  an  additional  control, 
to  10  volumes  of  the  heated  antiserum,  1  volume  of  fresh  normal  rabbit 

TABLE  III. 


The  Persistence  of  Antibody  in  Flagellar  Agglutinin  Exposed  to  Various  Temperatures. 


; 

Treatment  of  agglutinin  | 

Antigen 

Complement 

Antibody 

Amboceptor 

Hemolysis 

Unheated 

+ 

-b 

-b 

+ 

0* 

I 

+ 

0 

+ 

-b 

0 

+ 

+ 

— 

+ 

c 

— 

+ 

-b 

+ 

c 

Heated  at  70®C.  for  20  min. 

■f 

+ 

+ 

+ 

0 

1 

+ 

- 

+ 

+ 

0 

1 

!  -}- 

-b 

- 

+ 

c 

— 

+ 

+ 

+ 

c 

Heated  at  75°C.  for  20  min. 

-b 

+ 

-b 

+ 

+- 

+ 

- 

-b 

+ 

0 

+ 

+ 

- 

+ 

c 

+ 

-b 

+ 

c 

Heated  at  SO^C.  for  20  min. 

+ 

+ 

+ 

+ 

-b 

-b 

- 

+ 

+ 

0 

1  + 

-b 

- 

+ 

c 

+ 

+ 

+ 

c 

Heated  at  8.S®C.  for  20  min. 

+ 

+ 

+ 

-b 

+  + 

i 

- 

+ 

-b 

0 

+ 

- 

+ 

c 

j  + 

+ 

-b 

-b 

c 

Heated  at  90°C.  for  20  min. 

+ 

+ 

-b 

+ 

+++ 

1  + 

- 

-b 

+ 

0 

1  -b 

-b 

— 

-b 

c 

1  - 

+ 

-b 

-b 

'  c 

*  0  indicates  no  hemolysis;  C,  complete;  the  plus  signs,  gradations  from  a  very 
strong  reaction  (+  +  +  +)  to  barely  perceptible  hemolysis  (^ — ). 


serum  was  added  and  the  mixture  tested.  The  addition  of  fresh 
normal  rabbit  serum  failed  to  activate  the  inactivated  antibody. 

The  resistance  of  the  flagellar  agglutinin  to  heat  seemed  so  remark¬ 
able  that  a  further  control  procedure  seemed  desirable.  If  it  were 


F.  S.  JONES 


295 


TABLE  IV. 

The  Effect  of  Heat  on  Cow  Serum  Precipitin. 


Dilutions  of  antigen 


O 

o 

1:200 

1:400 

1:800 

1:1,600 

o 

o 

1:6,400 

1:12,800 

1:25,600 

Unheated 

Heated  for  20  min. 

at 

°C. 

+++* 

+  +  + 

! 

i 

+  +  + 

+  +  + 

+  +  + 

+++ 

i 

+  + 

+ 

+  - 

+++ 

+++i 

+  + 

+  + 

+  + 

++ 

+ 

+ 

!  +- 

65 

++ 

+  1 

+ 

+ 

+ 

+ 

+ 

-j - 1 

- 

+- 

+  - 

+  - 

+  - 

+- 

+  - 

+  - 

j  — 

75 

— 

— 

— 

— 

— 

— 

— 

i  ~ 

1  — 

80 

— 

— 

— 

— 

— 

— 

— 

i  ~ 

— 

*  Precipitation  has  been  recorded  as  follows:  +  +  +  ,  the  maximum;  +  +,  less; 
+,  weaker  but  well  precipitated;  H — ,  a  trace  of  deposit. 


TABLE  V. 


The  Effect  of  Heat  on  the  Complement-Binding  Properties  of  Precipitin. 


Treatment  of  precipitin 

Antigen 

Complement  j 

Precipitin 

Amboceptor  | 

Hemolysis 

Unheated 

+ 

+ 

+ 

+ 

0 

+ 

- 

+ 

+ 

0 

+ 

+ 

- 

+ 

c 

+ 

+ 

+ 

c 

Heated  at  70°C.  for  20  min. 

+ 

+ 

+ 

+ 

0 

+ 

- 

+ 

+ 

0 

+ 

+ 

— 

+ 

c 

— 

+ 

+ 

+ 

c 

Heated  at  TS°C.  for  20  min. 

+ 

+ 

+ 

+ 

++++ 

+ 

- 

+ 

+ 

0 

+ 

+ 

— 

+ 

c 

— 

+ 

+ 

+ 

c 

Heated  at  80°C.  for  20  min. 

+ 

+ 

+ 

+ 

c 

1  + 

— 

+ 

0 

296 


EFFECT  OF  HEAT  ON  ANTIBODIES 
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1  1  i  1  1  1 
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o 
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+ 

1 

+ 

1  1  1  1  1 

+ 

o 

+ 

+ 

+  1  1  1  1  1 

+ 

+ 

1:640 

+ 

+ 

+  1  1  I  I  1 

+ 

+ 

+ 

+  1  1  1  1  1 

+ 

+ 

1:160 
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1+  1  1  1  1 
+  + 
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possible  to  show  that  sufficient  antibody  remained  in  heated  serum 
to  inhibit  complement,  the  experiment  would  be  further  substantiated. 
With  this  in  view,  the  whole  series  was  tested,  but  as  the  sample 
exposed  to  65°C.  behaved  like  the  unheated  mixture  the  results  are 
not  given.  The  antigen  consisted  of  actively  motile  hog  cholera 
bacilli  in  nonnal  NaCl  solution.  The  complement  was  fresh  guinea 
pig  serum.  The  washed  red  cells  of  the  sheep  and  the  specific  ambo¬ 
ceptor  were  employed.  These  substances  were  always  used  in  the 
same  concentrations.  The  antiserum  consisted  of  0.02  cc.  of  the 
serum  diluted  1  ;4  with  salt  solution.  The  results  are  given  in  Table  III. 


TABLE  VII. 

The  Effect  of  Heat  on  Red  Cell  Agglutinin. 


Dilutions  of  agglutinin 

1:10 

1  1:20 

1:40 

1:80 

1:160 

1:320 

Unheated 

Heated  at 
“C. 

65 

+  +  +* 

+  +  + 

+  +  + 

+  +  + 

+  + 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

M-b 

— 

70 

+  +  + 

+  +  + 

+ 

M- 

M- 

M- 

75 

+  + 

+  + 

M- 

M- 

M- 

M- 

80 

M- 

M- 

— 

— 

— 

— 

85 

M- 

M- 

— 

— 

— 

*  Agglutination  in  this  table  has  been  recorded  as  follows:  -|-  +  +,  maximum; 
+ ,  less  strong ;  -|- ,  clumps  definite  to  the  naked  eye ;  M  + ,  the  presence  of  micro¬ 
scopic  clumps;  M  — ,  the  absence  of  microscopic  clumps. 


It  is  apparent  from  the  results  given  in  Table  III  that  sufficient 
flagellar  agglutinin,  heated  to  70°C.  for  20  minutes,  remains  to  divert 
completely  the  complement.  As  the  temperature  is  increased  less 
of  the  complement  is  diverted,  although  the  inhibition  is  strong  even 
after  80°C.  for  20  minutes.  Less  of  the  complement  is  fixed  when 
the  serum  is  heated  to  85°C.  and  90°C.,  although  it  is  apparent  that 
sufficient  antibody  still  remains  to  influence  the  intensity  of  the 
hemolysis.  It  can  be  said  that  the  findings  recorded  in  Table  I  are 
confirmed  by  the  results  of  complement  fixation. 

It  seemed  of  interest  to  test  various  other  antibodies  under  the 
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same  conditions.  With  this  in  view,  a  cow  serum  precipitin,  and 
anti-sheep  hemolysin  and  red  cell  agglutinin  were  subjected  to  the  same 
method  of  procedure.  In  the  instance  of  precipitin  the  serum  was 
diluted  with  an  equal  part  of  NaCl  solution,  the  hemolysin  and 
hemagglutinin  were  diluted  1:4. 

The  effect  of  heat  on  precipitin  and  the  persistence  of  sufficient 
antibody  to  bind  complement  are  recorded  in  Tables  IV  and  V. 

It  is  obvious  that  the  visibility  of  the  precipitin  reaction  is  destroyed 
when  the  precipitin  is  heated  to  75°C.  for  20  minutes.  Complement 
fixation  tests  confirm  this  observation.  It  might  be  argued  that  the 
comparison  between  precipitin  and  the  other  antibodies  is  hardly 
a  fair  one  since  the  serum  mixtures  were  more  concentrated  in  the 


Text-Fig.  1.  The  effect  of  heat  on  the  various  antibodies.  Logarithmic 
curves  based  on  the  data  given  in  the  tables. 

former  cases.  Such  is  not  the  case,  since  precipitin  diluted  1:4  and 
heated  gave  the  same  results  in  complement  fixation  tests  as  that 
diluted  1 : 1  and  treated  in  the  same  manner. 

The  evidence  of  the  effect  of  heat  on  hemolysis  and  red  cell  agglu¬ 
tinin  is  given  in  Tables  VI  and  VII. 

With  the  increase  in  temperature  the  hemolytic  titer  declines. 
65°C.  for  20  minutes  has  an  appreciable  effect,  and  increase  to  75°C. 
materially  affects  the  antibody,  and  only  a  trace  remains  after  heating 
to  80°C.  A  similar  result  is  obtained  with  the  red  cell  agglutinin 
except  that  no  agglutinin  can  be  demonstrated  in  the  serum  held  at 
75°C.  for  20  minutes. 
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DISCUSSION  AND  SUMMARY. 

It  is  possible  by  means  of  curves  to  depict  graphically  the  behavior 
of  the  various  antibodies  under  various  conditions.  Logarithmic 
curves  based  on  the  data  presented  in  the  tables  are  submitted  in 
Text-fig.  1. 

In  general  it  is  evident  that  antibody  destruction  goes  on  gradually 
as  the  temperature  is  increased.  Thus  65°C.  for  20  minutes  dimin¬ 
ishes  the  activity  of  all  the  antibodies  with  the  exception  of  red  cell 
agglutinin,  and  in  this  case  although  the  final  titer  was  the  same 
evidently  some  of  the  antibody  was  inactivated,  since  the  reaction 
was  weaker  in  the  higher  dilutions.  It  can,  then,  be  said  that  65°C. 
for  20  minutes  appreciably  affects  the  activity  of  all  the  antibodies 
tested.  When  the  temperature  is  increased  to  70°C.  more  marked 
differences  are  apparent.  Here  both  types  of  the  bacterial  agglutinin 
and  the  precipitin  are  fairly  stable  when  compared  with  hemolysin 
and  red  cell  agglutinin.  In  both  instances  there  is  a  sharp  decline 
in  the  activity  of  the  antibody.  75°C.,  however,  is  even  a  more 
critical  temperature  since  at  this  point  the  somatic  bacterial  agglu¬ 
tinin  and  the  precipitin  are  completely  inactivated.  The  hemolysin 
and  hemagglutinin  behave  alike.  The  flagellar  agglutinin  is  the  most 
resistant  of  the  group  to  this  temperature.  When  the  temperature 
is  increased  to  80°C.  the  red  cell  agglutinin  is  completely  inactivated, 
but  sufficient  hemolysin  still  remains  to  give  a  slight  reaction  at  the 
lowest  dilution.  A  further  increase  to  85°C.  completely  destroyed 
the  hemolysin  but  left  a  definite  amount  of  flagellar  agglutinin;  in 
fact,  90°C.  for  20  minutes  did  not  completely  destroy  this  substance, 
since  well  defined  clumps  in  the  lower  serum  dilutions  could  be  de¬ 
tected  on  microscopic  examination.  In  this  respect,  then,  the  obser¬ 
vations  of  Beyer  and  Reagh  and  Orcutt  that  there  is  a  well  defined 
difference  between  the  two  agglutinins  for  the  hog  cholera  bacillus 
have  been  confirmed.  However,  each  substance  tested,  with  perhaps 
two  exceptions,  differs  in  its  behavior  to  heat.  It  is  of  interest  to 
point  out  the  similarities  in  the  reaction  of  somatic  agglutinin  and 
precipitin.  Both  are  diminished  when  heated  to  65®C.;  70°C.  further 
affects  the  agglutinin,  but  not  the  precipitin;  75°C.  completely  in¬ 
activates  both. 
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The  assumption  that  the  substances  are  apparently  destroyed  when 
they  cease  to  react  visibly  with  their  respective  antigens  seems  well 
founded  since  they  cannot  be  reactivated  with  normal  serum  and 
no  longer  react  to  divert  complement  when  combined  in  a  hemolytic 
system. 

It  might  be  of  interest  to  mention  briefly  other  experiments  in  which 
the  temperature  was  kept  constant  and  the  time  varied.  Thus 
temperatures  of  50-55°C.  and  60°C.  maintained  for  8  hours  had  no 
effect  on  antibody.  60°C.  for  4  days  failed  to  alter  materially  the 
flagellar  agglutinin,  although  the  same  temperature  for  24  hours 
inactivated  the  somatic  agglutinin  and  the  cow  serum  precipitin. 
Hemolysin  deteriorates  slowly  at  60°C.,  so  that  after  4  days  the  serum, 
which  originally  reacted  at  a  dilution  of  1:10,240,  only  titered  1:160. 
The  red  cell  agglutinin  was  about  as  resistant  as  the  hemolysin  in 
that  a  little  still  remained  at  the  end  of  the  test  period.  The  experi¬ 
ments  while  incomplete  add  further  proof  that  the  somatic  agglutinin 
and  the  precipitin  are  the  least  resistant  to  heat,  while  the  flagellar 
agglutinin  is  on  the  whole  comparatively  stable. 

A  final  experiment  was  performed  to  determine,  if  possible,  at  what 
temperature  rabbit  serum  globulin  was  inactivated.  With  this  in 
view,  globulin  was  obtained  by  precipitation  with  ammonium  sulfate, 
and  a  series  of  guinea  pigs  and  chickens  received  several  intraperitoneal 
injections.  In  no  instance  was  a  globulin  precipitin  obtained.  By 
immunizing  fowls  in  a  similar  manner  with  small  quantities  of  rabbit 
serum  good  precipitin  was  obtained.  The  diluted  rabbit  sera  heated 
at  various  temperatures  for  20  minutes  were  tested  for  their  antigenic 
activity  with  rabbit  serum  precipitin.  It  was  found  that  diluted 
serum  heated  to  90°C.  for  20  minutes  reacted  to  about  the  same 
antigenic  level  as  that  not  heated.  Even  boiling  for  20  minutes 
failed  to  reduce  greatly  its  antigenic  properties.  Paradoxically  the 
visibility  of  the  reaction  was  more  intense  with  the  antigen  heated  at 
the  higher  temperatures.  The  phenomenon  was  altogether  so  opposed 
to  the  usual  conceptions  of  the  inactivation  of  antigens  that  the  subject 
will  be  gone  into  with  more  detail  in  a  later  communication.  Although 
it  is  not  possible  to  show  definitely  in  the  experiments  that  the  globulin 
is  or  is  not  inactivated  at  certain  temperatures,  nevertheless  it  appears 
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probable  that  certain  of  the  antibodies  are  destroyed  at  temperatures 
below  that  capable  of  greatly  altering  globulin. 

It  must  be  recognized  that  comparisons  cannot  be  made  between 
similar  antibodies  in  the  serum  of  different  species,  since  somatic 
agglutinin  in  rabbit  serum  resisted  70°C.  for  20  minutes,  although 
the  same  agglutinin  in  cow  serum  was  destroyed  at  65®C. 
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AGGLUTINATION  BY  PRECIPITIN. 


By  F.  S.  JONES,  V.M.D. 

{From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.  J.) 

(Received  for  publication,  May  23, 1927.) 

The  similarity  of  the  reactions  of  agglutination  and  precipitation 
has  been  commented  on  by  many.  NicoUe  (1)  combined  a  waterj" 
extract  of  the  typhoid  bacillus  with  other  microorganisms  or  with 
finely  divided  particulate  matter,  and  after  the  addition  of  a  1:10 
concentration  of  antitjrphoid  serum  obtained  agglutination  of  the 
bacteria  or  inert  particles.  Kraus  ‘^nd  von  Pirquet  (2)  observed 
precipitation  when  specific  bacterial  antiserum  was  added  to  extracts 
of  the  organism.  Atkwright’s  (3)  experiments  were  along  similar 
lines.  When  he  added  a  clear  watery  extract  of  the  typhoid  bacillus 
to  a  typhoid  culture  rendered  inagglutinable  by  washing,  and  further 
added  dilute  acid  or  diluted  antityphoid  serum,  agglutination  resulted. 
The  same  effects  were  obtained  when  B.  coli  or  other  organisms  or 
particulate  matter  were  added  to  the  typhoid  bacillus  extract  and 
mixed  with  antityphoid  serum.  Thus  he  points  out  that  the  added 
bacteria  or  particulate  matter  in  the  presence  of  the  specific  extract 
act  in  a  similar  manner  to  B.  typhosus.  He  considers  the  reactions  of 
precipitation  and  agglutination  analogous. 

In  the  course  of  other  experiments  (4)  diluted  normal  rabbit  serum 
was  heated  at  various  temperatures  and  tested  with  a  specific  pre¬ 
cipitin.  On  the  whole  weak  reactions  were  obtained  with  unheated 
serum  and  with  serum  heated  at  temperatures  up  to  70°C.  for  20 
minutes.  When  the  antigen  was  heated  at  75°C.  or  higher,  the 
reaction  was  intensified  and  at  certain  dilutions  it  resembled  more 
nearly  agglutination  in  intensity  and  amount  of  precipitate.  The 
results  were  so  striking  that  they  seemed  worthy  of  further 
investigation. 
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EXPERIMENTAL. 

Throughout  the  experiments  three  precipitins  were  used.  The 
first  few  observations  were  made  with  a  precipitin  prepared  by  in¬ 
jecting  fowls  with  rabbit  serum.  Later  experiments  were  made  with 
cow  serum  precipitin  and  crystallized  egg  albumin  antiserum  obtained 
from  rabbits  injected  with  the  respective  antigens.  The  methods 
used  are  recorded  with  the  experiments  reported  in  detail  in  the  follow¬ 
ing  pages. 


TABLE  I. 

Efect  of  Heating  Rabbit  Serum  {Antigeti)  on  Specific  Precipitation. 


Rabbit  serum 
(antigen) 

Dilutions  of  antigen 

1:80 

1:160 

1:320 

1:640 

1:1,280 

1:2,560 

1:5,120 

Unheated 

+* 

+ 

+ 

+  + 

-1- 

-h 

-1- 

Heated  for  20  min.  at 
°C. 

75 

— 

— 

+ 

-1- 

-h-h 

+  -1- 

-t- 

80 

— 

- 

+ 

+  + 

-h-l- 

+  + 

+ 

85 

- 

- 

-h 

+  +  + 

+++ 

+  +  + 

-I- 

90 

— 

— 

-I-  + 

-1 — h-f 

+-I-+ 

-t-  +  -l- 

+ 

Boiled  for  20  min. 

++  +  + 

+  +  +  + 

+  + + 

+++ 

-t-h-h 

+  + 

-h 

Autoclaved,  14  lbs. 

pressure  for  20  min. 

+ 

+ 

-h- 

— 

— 

— 

— 

*  The  bulk  of  precipitate  has  been  recorded  as  follows:  +  +  -f  -f,  an  extremely 
heavy  deposit;  -H-H-t-,  a  heavy  deposit;  +  +,  less  bulky;  +,  a  well  defined  pre¬ 
cipitate;  -t-  — ,  a  trace  of  granular  deposit. 


It  was  mentioned  that  by  heating  serum  antigens  the  reactions 
were  intensified  on  the  addition  of  specific  precipitin.  Inasmuch  as 
these  experiments  afforded  the  basis  for  the  whole  problem  they  will 
be  given  in  detail. 

Experiment  1. — Rabbit  serum  was  diluted  in  the  proportion  of  1  to  4  with  0.9 
per  cent  salt  solution  and  heated  at  various  temperatures  for  20  minutes  in  tightly 
stoppered  tubes  in  a  deep  water  bath  and  tested  with  specific  precipitin  obtained 
by  immunizing  a  fowl.  Inasmuch  as  the  antigen  heated  at  60-65°  and  70°C.  be¬ 
haved  like  the  unheated  serum  the  results  are  not  given  in  the  table.  In  the  tests 
0.1  cc.  of  the  precipitin  was  added  to  each  tube  of  diluted  antigen.  All  tubes  were 
incubated  for  2  hours  and  refrigerated  overnight.  The  amount  of  precipitation  is 
recorded  in  Table  I. 
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The  result  was  on  the  whole  so  unexpected  that  the  experiment 
was  repeated,  with  similar  results.  Another  experiment  in  which 
cow  serum  antigen  was  heated  and  then  tested  with  its  specific  pre¬ 
cipitin  yielded  similar  results.  Even  boiling  the  diluted  cow  serum 
antigen  for  20  minutes  served  to  increase  the  bulk  of  the  precipitate 
in  the  lower  dilutions. 

It  might  be  argued  that  the  antigenic  protein  was  denatured  as 
the  result  of  heating  and  that  it  would  react  with  any  foreign  serum. 
To  test  this  possibility  the  heated  rabbit  serum  was  treated  with 
normal  fowl  serum  and  the  heated  cow  serum  with  normal  rabbit 
serum.  No  reaction  occurred  in  the  rabbit-fowl  serum  series  except 
with  the  autoclaved  antigen,  where  there  was  a  little  precipitate  in 
the  lowest  dilution.  The  cow  serum  boiled  for  20  minutes  also  gave 
a  slight  reaction  at  the  lowest  dilution  when  mixed  with  normal  rabbit 
serum.  The  results  given  in  Table  I  must  be  considered  specific. 

It  was  possible  to  correlate  to  a  certain  extent  the  intensity  of 
the  precipitation  with  the  degree  of  coagulation  evidenced  by  the 
turbidity  of  the  serum.  When  rabbit  serum  is  diluted  with  salt 
solution  and  heated  at  70“C.  it  is  not  greatly  altered  in  appearance. 
As  the  temperature  is  increased  the  turbidity  becomes  more  marked 
so  that  the  mixture  heated  at  85°C.  or  higher  is  nearly  opaque. 

For  the  purpose  of  interpreting  the  results  it  may  be  assumed  that 
portions  of  the  diluted  antigenic  senim  coagulate  during  heating. 
The  mixture  then  contains  in  a  liquid  state  unaltered  antigen  and 
suspended  particles  of  coagulated  protein.  It  may  be  further  assumed 
that  the  coagulated  particles  are  covered  with  active  antigen  and 
when  brought  in  contact  with  a  specific  serum  may  be  likened  to  a 
bacterial  suspension  to  which  specific  agglutinin  is  added.  In  the 
first  case  an  agglutination  of  the  protein  particles  would  result  when 
precipitin  was  added,  and  in  the  other  bacterial  agglutination  would 
result  on  the  addition  of  agglutinin.  The  work  of  many  tends  to 
support  this  hypothesis. 

Coulter  (5)  showed  that  red  cells  agglutinate  at  pH  4.75,  but  when  sensitized 
with  serum  the  agglutination  point  was  shifted  to  that  of  globulin  (pH  5.3). 
Northrop  and  De  Kruif  (6)  found  that  a  mixture  of  bacteria  and  egg  albumin  or 
bacteria  and  globulin  behaved  toward  acid  like  solutions  of  the  respective  proteins; 
the  isoelectric  point  of  the  organism  shifted  to  that  of  the  added  protein.  Loeb  (7) 
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has  shown  that  collodion  particles  treated  with  proteins  acquire  a  film  of  protein  on 
their  surfaces.  This  film  causes  the  particles  to  assume  the  character  of  protein 
particles  in  their  cataphoretic  behavior. 

In  order  to  substantiate  further  the  hypothesis  that  coagulated 
particles  of  serum  protein  are  agglutinated  on  the  addition  of  specific 
precipitin  a  further  series  of  experiments  was  performed. 

Experiment  2. — If  the  coagulated  particles  of  protein  in  the  heated  serum  act  as 
more  or  less  inert  material  covered  with  antigen,  then  the  addition  to  antigen  of 
inert  material,  such  as  bacteria  or  particulate  matter,  should  increase  the  intensity 
of  the  reaction  when  a  specific  precipitin  is  added  to  the  suspension.  B.  abortus 
was  suspended  in  0.9  per  cent  NaCl  solution  and  the  turbidity  adjusted  to  3.5  by 
the  Gates  apparatus.  This  suspension  was  used  as  the  fluid  in  which  the  cow  serum 
was  diluted.  0.1  cc.  of  cow  antiserum  was  added  to  each  tube.  The  results  are 
given  in  Table  II.  A  similar  observation  in  which  sufficient  collodion  particles 
were  added  to  salt  solution  to  make  a  faintly  turbid  suspension  which  was  used  to 
dilute  the  antigen  is  included  in  the  table.  In  both  series  adequate  controls  con¬ 
taining  cow  serum  and  bacteria  or  collodion  particles  were  tested  with  normal 
rabbit  serum.  For  comparison  the  results  of  the  usual  precipitation  tests  are 
included. 

It  is  evident  from  Experiment  2  that  the  addition  of  bacteria 
or  particulate  matter  increases  the  intensity  of  the  reaction  in  a 
manner  similar  to  that  observed  in  Experiment  1  where  the  antigen 
was  heated  sufficiently  to  cause  turbidity.  It  is  of  further  interest 
to  note  that  the  addition  of  bacteria  or  collodion  particles  produced 
reactions  at  higher  dilutions.  Microscopic  examination  of  the  sedi¬ 
ment  revealed  definite  clumping  of  the  bacteria  and  collodion  particles. 

It  will  be  noted  in  the  experiments  thus  far  that  the  tests  have 
been  conducted  as  precipitin  tests,  the  antigen  has  been  diluted  but 
the  antibody  kept  constant.  It  might  be  argued  that,  as  Arkwright 
has  contended,  during  the  union  of  antigen  and  antibody  a  web  is 
formed  and  that  the  bacteria  or  collodion  particles  are  enmeshed  and 
fall  to  the  bottom  of  the  tube.  To  show  that  this  is  not  the  proper 
interpretation  of  the  phenomenon  several  experiments  were  per¬ 
formed  which  conform  more  closely  to  the  procedure  usually  employed 
in  bacterial  agglutination. 

Experiment  3. — 0.25  cc.  of  a  suspension  of  collodion  particles  was  added  to  5  cc. 
of  normal  cow  serum.  The  mixture  was  incubated  for  3  hours  and  then  refriger- 
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ated  overnight.  The  next  day  the  liquid  was  drawn  off  and  mixed  with  an  equal 
volume  of  normal  salt  solution.  It  was  centrifuged  at  high  speed  and  the  sediment 
resuspended  in  NaCl  solution  and  again  centrifuged.  The  process  of  washing  was 
repeated  twice  more.  The  particles  were  then  suspended  in  salt  solution  and  tested 
with  cow  serum  precipitin.  Some  of  the  third  wash  fluid  was  retained  and  tested 
for  the  presence  of  cow  serum.  The  results  are  given  in  Table  III. 

If  a  solution  of  crystallized  egg  albumin  is  substituted  for  the  cow 
serum  and  the  particles  washed  three  times,  resuspended  in  NaCl 
solution,  and  various  dilutions  of  crystallized  egg  albumin  antiserum 
added,  a  similar  result  is  obtained,  as  is  shown  in  Experiment  4. 

TABLE  III. 

Agglutination  of  Collodion  Particles  Sensitized  with  Cow  Serum  by  Cow  Serum 

Precipitin. 


Amount  of  test  material,  in  cc. 


Tested  with 

1  ^ 

1 

<S 

b 

10  0 

zoo  0 

100  0 

soooo 

Collodion  particles  sen- 

Cow  serum  precipitin 

c 

+++^ 

sitized  with  cow  serum 
and  washed 

Normal  rabbit  serum 

The  last  wash  fluid  tested  with  0.1  cc.  cow  serum 
precipitin . 

1.0  cc. 

O.S  cc. 

0.1  cc. 

+  - 

- 

- 

*  C  indicates  complete  agglutination;  +  +  +,  a  strong  agglutination;  and  +, 
a  slight  agglutination. 


Experiment  4. — 0.4  cc.  of  a  suspension  of  collodion  particles  was  added  to  5  cc. 
of  a  2.5  per  cent  solution  of  crystallized  egg  albumin.  After  1  hour’s  incubation, 
S  cc.  of  normal  salt  solution  was  added  and  the  whole  reincubated  for  30  minutes. 
The  mixture  was  then  centrifuged  for  a  brief  interval  and  the  supernatant  fluid 
withdrawn  and  centrifuged  rapidly.  The  supernatant  fluid  was  discarded  and  the 
sediment  resuspended  in  salt  solution  containing  a  small  quantity  of  alkali  (0.2 
cc.  n/20  NaOH  to  10  cc.  NaCl  solution).  The  centrifuging  and  washing  were  re¬ 
peated  twice  more.  The  particles  were  then  suspended  in  slightly  alkaline  salt 
solution  and  tested  with  crystallized  egg  albumin  antiserum.  The  results  are  given 
in  Table  IV. 


It  is  evident  that  the  collodion  particles  attach  to  themselves 
sufficient  protein,  as  Loeb  maintained,  to  react  in  a  specific  manner 
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in  the  presence  of  specific  precipitin.  Hitchcock  (8)  has  been  able 
to  show  that  egg  albumin  adheres  to  collodion  membranes  in  amounts 
sufficient  to  be  detected  quantitatively. 

If  it  were  possible  to  show  that  bacteria  on  coming  in  Contact  with 
proteins  retained  a  film  of  the  antigenic  substance  which  caused 
them  to  agglutinate  on  the  addition  of  a  specific  precipitin,  then  the 
evidence  that  precipitin  and  agglutinin  were  identical  would  be  com¬ 
plete.  With  this  in  view  a  number  of  experiments  were  performed. 
Inasmuch  as  several  species  of  bacteria  react  to  certain  proteins  in 


TABLE  IV. 

Agglutimiion  of  Collodion  Particles  Sensitized  with  Crystallized  Egg  Albumin  by 
Crystallized  Egg  Albumin  Precipitin. 


Tested  with 

Amount  of  test  material,  in  cc. 

\ 

*ri 

O 

d 

cs 

O 

d 

o 

d 

sooo 

0.002 

0.001 

Collodion  particles  sensi¬ 
tized  with  crystallized 
egg  albumin  and  then 
washed  3  times 

Crystallized  egg  albumin 
precipitin 

Normal  rabbit  serum 

c 

c 

c 

c 

+++ 

+ 

> 

The  last  wash  fluid  tested  for  the  presence  of  crystal¬ 
lized  egg  albumin  with  0.1  cc.  of  precipitin . 

1.0  cc. 

0.5  cc. 

0.1  cc. 

- 

- 

- 

a  relatively  uniform  manner,  only  a  single  experiment  will  be  re¬ 
ported  in  detail. 

Experiment  5. — The  growth  from  a  24  hour  agar  slant  culture  of  a  non-motile 
strain  of  the  hog  cholera  bacillus  was  suspended  in  3.5  cc.  of  normal  cow  serum 
which  had  been  previously  heated  to  65°C.  It  was  then  incubated  for  hours 
and  an  excess  of  salt  solution  added  and  the  whole  mixed.  The  mixture  was  cen¬ 
trifuged  rapidly  and  the  supernatant  liquid  replaced  with  salt  solution.  The  cen¬ 
trifugation  and  washing  were  repeated  twice  and  the  bacteria  suspended  in  NaCl 
solution  and  tested  with  cow  antiserum.  Some  of  the  final  wash  fluid  was  retained 
and  likewise  tested  for  cow  serum.  As  a  control  the  same  amount  of  culture  was 
suspended  in  salt  solution,  washed  twice,  and  tested  with  the  cow  serum  precipitin. 
The  results  of  a  typical  experiment  are  recorded  in  Table  V. 
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It  is  apparent  from  the  table  that  a  portion  of  normal  cow  serum 
adheres  to  the  bacteria  in  sufficient  quantity  to  give  a  characteristic 
agglutination  when  mixed  with  the  precipitin.  The  experiment  was 
repeated  with  different  organisms  and  comparable  results  were  always 
obtained.  The  best  results  were  obtained  when  the  cow  serum  heated 
to  65°C.  for  20  minutes  was  used  for  sensitization.  When  unheated 
cow  serum  is  used,  the  results  are  about  the  same;  it  however  usually 
clumps  the  bacilli  so  that  aggregates  are  dealt  with  and  the  results 
for  this  reason  are  open  to  criticism.  If  serum  is  diluted  1 :5  and  used 
to  sensitize  the  organisms,  the  reactions  are  less  intense  although 
agglutination  occurs  on  the  addition  of  the  precipitin. 


TABLE  V. 


Agglutination  of  Bacteria  Sensitized  with  Cow  Serum  by  Cow  Serum  Precipitin. 


Cc.  of  cow  antiseruro 


0.02 

1  0.01 

0.005 

0.002 

0.001 

Control 

Bacteria  sensitized  with  cow  serum  and 

c 

+  + 

+ 

+- 

Unsensitized  bacteria  washed  in  NaCl 

++ 

i 

1.0  cc. 


0.5  cc. 


Last  wash  solution  tested  with  0.1  cc.  precipitin  for  cow  serum 


Thus  far  it  has  not  been  possible  to  sensitize  bacteria  with  various 
concentrations  of  crystallized  egg  albumin.  It  is  true  that  specific 
precipitin  added  to  a  mixture  of  bacteria  and  crystallized  egg  al¬ 
bumin  will  agglutinate  the  bacteria,  nevertheless  when  bacteria  are 
soaked  in  crystallized  egg  albumin  and  subsequently  washed  they 
are  not  agglutinated  by  the  egg  albumin  antiserum.  This  experiment 
was  varied  in  respect  to  the  concentration  of  egg  albumin,  pH  con¬ 
centration  of  the  egg  albumin,  temperature,  and  time,  but  in  no 
instance  could  agglutination  with  precipitin  be  obtained  after  the 
bacteria  had  been  washed. 
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DISCUSSION. 

The  experiments  reported  strengthen  the  belief  that  the  intensity 
of  the  reaction  when  precipitin  is  added  to  heated  serum  antigen  is 
increased  because  coagulated  serum  proteins  in  suspension  are  covered 
with  undenatured  antigen,  which  under  the  conditions  are  aggluti¬ 
nated.  The  visibility  of  the  reaction  is  enhanced  because  of  the 
greatly  increased  flocculation. 

The  experiments  are  of  interest  in  other  respects.  First  the  evi¬ 
dence  that  precipitin  and  agglutinin  are  similar  is  strengthened. 
When  precipitin  and  its  specific  antigen  are  mixed  turbidity  occurs, 
later  the  flocculi  increase  to  the  point  of  visibility  and  are  precipitated. 
The  same  reaction  can  be  obtained  by  mixing  bacteria  or  inert  parti¬ 
cles  with  antigen,  then  adding  the  precipitin.  Here  the  particles 
are  made  up  of  clumps  of  bacteria  or  the  inert  particles  and  presumably 
antigen  and  antibody.  It  might  be  argued  that  a  web  similar  to 
that  inferred  by  Arkwright  in  agglutination  was  formed  in  the  antigen- 
antibody  union,  and  that  the  bacteria  were  enmeshed  in  the  course 
of  this  flocculation.  However,  if  collodion  particles  were  mixed 
with  cow  serum  or  crystalh'zed  egg  albumin  and  then  washed  until 
free  antigen  no  longer  remained  in  the  wash  solution,  they  behaved 
like  bacteria  sensitized  to  cow  serum  and  subsequently  washed.  The 
addition  of  the  specific  precipitin  in  increasing  dilutions  produced 
agglutination  of  the  bacteria  or  inert  particles.  In  the  experiments 
of  other  workers  the  evidence  is  presumptive;  however,  since  the 
antisera  employed  contained  both  bacterial  agglutinin  and  precipitin, 
the  presence  of  both  substances  complicated  the  problem.  In  the 
experiments  here  reported  a  precipitin  free  of  the  bacterial  agglutinin 
is  shown  to  behave  like  bacterial  agglutinin. 

In  a  previous  communication(4)  it  was  shown  that  somatic  bacterial 
agglutinin  and  cow  serum  precipitin  behave  in  a  similar  manner  toward 
heat;  both  are  destroyed  at  75°C.  and  both  fail  to  resist  60°C.  for  24 
hours,  although  flagellar  agglutinin,  hemolysin,  and  hemagglutinin 
resist  these  temperatures. 

It  is  of  further  interest  to  comment  on  the  behavior  of  certain 
proteins  under  the  experimental  conditions.  If  collodion  particles 
are  exposed  to  crystallized  egg  albumin  or  cow  serum,  there  occurs  a 
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firm  union  between  the  particle  and  the  antigen.  Loeb  has  described 
this  as  the  deposition  of  a  protein  film.  He  suggested  that  protein 
denaturation  probably  accounted  for  the  deposition  of  the  film.  How 
much  denaturation  takes  place  is  a  question,  since  in  a  preliminary 
report  Wu,  TenBroeck,  and  Li  (9)  state  that  denatured  egg  albumin, 
whatever  the  agent  of  denaturation,  is  immunologically  different 
from  egg  albumin.  The  behavior  of  bacteria  toward  the  two  types 
of  proteins  is  sharply  contrasted.  There  is  a  definite  fixation  of  the 
proteins  of  cow  serum  to  the  bacterial  cell  sufficient  to  withstand 
three  washings  with  salt  solution.  On  the  other  hand,  this  is  not 
true  with  crystallized  egg  albumin.  Union  evidently  occurs,  as  shown 
by  Northrop  and  De  Kruif  (6),  but  either  the  albumin  is  removed  by 
salt  solution  or  so  denatured  by  the  bacterial  cell  that  sufficient  original 
protein  no  longer  remains  to  react  when  specific  precipitin  is  added. 
Confirmatory  evidence  was  obtained  by  means  of  acid  agglutination 
in  that  the  bacteria  soaked  in  cow  serum  and  then  washed  aggluti¬ 
nated  at  about  the  same  acid  concentration  as  a  mixture  of  cow  serum 
and  bacteria.  Such  was  not  the  case  when  a  mixture  of  crystallized 
egg  albumin  and  bacteria,  and  bacteria  soaked  in  the  albumin  solution 
and  subsequently  washed  were  tested  with  various  concentrations 
of  H  ions. 

A  further  series  of  experiments  not  reported  suggests  that  pre¬ 
cipitin  may  under  certain  conditions  act  as  opsonin.  If  bacteria, 
antigen,  and  precipitin  are  mixed  and  incubated  for  1  hour,  then 
normal  rabbit  serum  and  washed  rabbit  leucocytes  added  and  per¬ 
mitted  to  act  for  an  hour  or  more,  in  the  tubes  containing  bacteria, 
antigen,  and  precipitin  about  three  times  as  many  of  the  leucocytes 
are  found  to  have  taken  up  the  organisms  as  is  the  case  in  the  tubes 
which  contain  only  bacteria  plus  normal  rabbit  serum  and  precipitin 
or  normal  rabbit  serum  and  antigen.  The  difference  in  the  number 
of  organisms  per  cell  is  very  large;  where  the  immunological  series 
is  complete  the  cells  are  packed  with  bacteria,  while  in  the  others 
relatively  few  organisms  are  taken  up.  The  results  are  not  so  strik¬ 
ing  as  in  experiments  in  which  a  strongly  reacting  agglutinin  was 
employed,  nevertheless  sufficient  agglutination  and  opsonization  take 
place  to  prepare  the  bacterial  cells  for  phagocytosis. 
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It  is  of  interest  to  note  that  the  experiments  tend  to  corroborate 
the  conception  of  Avery  and  Heidelberger  (10)  that  agglutination  is 
a  cell  surface  phenomenon.  They  point  out  that  the  nature  of  the 
substance  at  the  periphery  of  the  bacterial  cell  may  determine  the 
readiness  of  response  and  even  the  specificity  of  the  reaction.  This 
seems  to  be  the  case  when  inert  particles  are  coated  with  crystallized 
egg  albumin  or  cow  serum  or  bacteria  coated  with  cow  serum;  the 
added  protein  adheres  to  the  particles  or  bacterial  cells  and  on  the 
addition  of  the  specific  precipitin  they  behave  like  bacteria  in  the 
presence  of  their  specific  agglutinin. 

SUMMARY. 

Serum  (antigen)  when  heated  at  a  temperature  suflScient  to  cause 
definite  clouding  reacts  more  intensely  with  a  specific  precipitin  than 
a  portion  of  the  unheated  serum  or  samples  heated  at  lower  tem¬ 
peratures.  The  phenomenon  is  explained  on  the  basis  that  coagulated 
protein  in  suspension  is  covered  with  undenatured  antigen  and  the 
addition  of  precipitin  causes  agglutination  of  the  coagulated  protein. 
Similar  phenomena  are  obtained  when  bacteria  or  collodion  particles 
are  mixed  with  diluted  serum  (antigen)  and  precipitin  added;  the 
particles  or  bacteria  agglutinate  and  increase  the  visibility  of  the 
reaction. 

Further,  it  is  shown  that  collodion  particles  sensitized  with  cow 
serum  or  crystallized  egg  albumin  and  subsequently  washed  until 
the  washing  fluid  no  longer  contains  the  antigenic  substance  will 
agglutinate  when  small  quantities  of  specific  precipitin  are  added. 
Bacteria  sensitized  with  cow  serum  and  subsequently  washed  until 
cow  serum  no  longer  remains  in  the  washing  solution  agglutinate 
when  cow  antiserum  at  fairly  low  concentration  is  added.  It  was 
not  possible  to  show  that  bacteria  soaked  in  crystallized  egg  albumin 
and  subsequently  washed  retained  on  their  surfaces  sufficient  un¬ 
denatured  egg  albumin  to  react  to  crystallized  egg  albumin  precipitin. 
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LOCAL  PROGRESSION  WITH  SPONTANEOUS  REGRESSION 
OF  TUBERCULOSIS  IN  THE  BONE  MARROW  OF  RAB¬ 
BITS,  CORRELATED  WITH  A  TRANSITORY  ANEMIA 
AND  LEUCOPENIA  AFTER  INTRAVENOUS 
INOCULATION. 
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(Received  for  publication,  May  13,  1927.) 

In  following  the  blood  of  rabbits  after  an  intravenous  injection  of 
1  or  2  mg.  of  bovine  tubercle  bacilli,  we  have  found  that  there  develops 
a  characteristic  anemia  combined  with  a  fall  of  those  white  cells  that 
normally  arise  in  the  bone  marrow.  In  previous  studies,  Sabin,  Doan 
and  Cunningham  (1)  presented  evidence  indicating  that  the  epithe¬ 
lioid  cell  and  its  derivative,  the  giant  cell  of  the  Langhans  type,  come 
from  the  monocyte  of  the  tissues.  Cunningham,  Sabin,  Sugiyama 
and  Kdndwall  (2)  then  showed  that  the  extension  of  a  tubercular 
process  in  the  tissues  is  reflected  in  the  peripheral  blood,  which  they 
interpreted  to  mean  that  from  an  advancing  tubercular  area  with  its 
massive  increase  in  normal  and  abnormal  monocytes  there  is  a  flooding 
of  these  cells  into  the  blood  stream.  Moreover  they  demonstrated 
that  the  healing  process  involving  the  increase  of  lymphocytes  around 
tubercular  tissues  is  also  reflected  in  the  blood  so  that  the  ratio  of 
monocytes  to  lymphocytes  in  the  blood  stream  may  be  used  as  an 
index  of  the  state  of  a  tubercular  process  in  the  tissues. 

About  2  weeks  after  an  intravenous  injection  of  bovine  tubercle 
bacilli  in  doses  of  1  mg.,  the  percentage  and  the  actual  numbers 
of  monocytes  in  the  peripheral  blood  of  rabbits  rise.  At  the  same  time 
the  monocytes  show  qualitative  changes  which  involve  some  lessening 
of  motility  and  the  production  of  all  the  intermediate  morphological 
stages  between  the  normal  monocyte  and  the  epithelioid  cell.  The 
cytoplasmic  changes  consist  in  an  increase  in  the  number  and  a  de- 
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crease  in  the  size  of  bodies,  probably  vacuoles,  that  stain  characteris¬ 
tically  in  neutral  red  in  the  living  cell  with  a  gradual  accentuation  of 
the  rosette  about  the  centrosphere.  In  a  series  of  53  rabbits,  Cunning¬ 
ham,  Sabin,  el  al.,  found  that  the  percentage  of  monocytes  in  rabbits 
infected  with  bovine  tuberculosis  rose  from  an  average  of  8  per  cent 
before  infection  to  an  average  of  14  and  a  maximum  of  52  per  cent 
after  infection.  Their  corresponding  total  numbers  were  from  943 
monocytes  per  c.mm.  before  infection  to  an  average  of  1455  and  a 
maximum  of  6348  after  infection.  There  were  no  qualitative  changes 
in  the  lymphocytes  but  their  numbers  were  increased  in  rabbits  with 
high  resistance  to  tuberculosis.  The  normal  ratio  of  monocytes  to 
lymphocytes  in  the  rabbit  is  1  to  2.97,  in  round  numbers  1  to  3; 
rabbits  with  high  resistance  developed  a  ratio  of  1  to  3.56  while  the 
animals  with  low  resistance  showed  a  ratio  of  1  to  0.79. 

The  present  series  of  80  rabbits  were  infected  with  1  or  2  mg.  of 
bovine  tubercle  bacilli,  injected  intravenously.  We  have  used  the 
same  strain  of  organisms  as  in  the  previous  studies,  namely  Strain 
Bi,  which  was  isolated  at  Saranac  but  which  We  obtained  from  the 
Dows  Laboratory  of  Tuberculosis,  John  Hopkins  Hospital.  Bovine 
Strain  214  E,  secured  from  Dr,  Paul  A.  Lewis,  of  the  Department  of 
Animal  Pathology  of  The  Rockefeller  Institute,  has  given  the  same 
findings  when  used  in  comparable  dosage  in  a  few  control  animals. 
Beside  studying  the  white  cells  in  this  group  we  have  as  a  routine 
counted  the  red  cells  and  taken  the  hemoglobin,  making  the  studies 
on  the  average  of  every  other  day.  For  the  counts  of  the  red  cells 
we  have  used  pipettes  and  the  Levy-Hausser  counting  chamber  cali¬ 
brated  by  the  Bureau  of  Standards.  The  hemoglobin  readings  were 
made  in  a  Duboscq  colorimeter  with  the  Newcomer  standard  about 
2  weeks  after  the  corresponding  counts  and  by  a  different  individual 
without  knowledge  of  the  totals  of  the  red  cells. 

These  studies  have  confirmed  previous  results  (2)  in  demonstrating 
that  in  general  the  progress  of  the  experimental  tuberculosis  in  the 
tissues  can  be  followed  by  the  ratio  of  monocytes  to  lymphocytes  in 
the  blood.  In  studying  animals  which  pass  through  the  acute  into  the 
subacute  and  chronic  phases  of  tuberculosis,  it  has  been  possible  to 
follow  further  the  extent  of  the  pulmonary  process,  and  the  lesions  in 
other  organs,  at  various  stages,  and  to  correlate  the  changes  with  the 
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monocyte-lymphocyte  ratio  in  the  blood.  In  addition,  we  have 
found  in  this  study  that  the  curves  of  the  platelets,  the  red  cells,  the 
hemoglobin  and  the  granulocytic  leucocytes  can  in  turn  be  used  as 
a  general  index  of  the  progress  of  tuberculosis  in  the  bone  marrow. 

In  the  analysis  of  this  series,  the  animals  may  be  considered  in  two 
sections:  the  first  consists  of  the  12  rabbits  studied  for  the  early  reac¬ 
tion  at  24,  48,  72,  96  hours,  and  thereafter  at  intervals  of  48  hours  up 
to  18  days;  the  remaining  68  animals  of  the  series  fall  naturally  into 
three  groups  according  to  the  phase  of  the  anemia  and  leucopenia  at 
the  time  of  death.  The  progress  and  extent  of  the  tuberculosis  in 
the  early  reaction  in  organs  other  than  the  bone  marrow  are  included 
in  a  following  article  (3).  While  the  right  femur  was  chosen  for 
routine  examination,  these  findings  were  determined  to  be  representa- 
tative  of  all  the  marrow  by  selected  surveys  covering  both  humeri, 
both  femurs  and  the  ribs. 


Early  Reaction. 

During  the  first  6  days  following  the  intravenous  injection  of  tuber¬ 
cle  bacilli,  supravital  studies  of  the  bone  marrow  revealed  no  changes 
in  the  normal  picture,  except  an  increase,  first  noted  at  48  hours,  in 
the  number  (2  to  3  per  oil  immersion  field)  and  activity  of  the  clasmat- 
ocytes  (3).  Fat  cells,  megacaryocytes,  myelocytes,  ery  thro  blasts  and 
normoblasts  were  present  in  the  usual  percentage  and  distribution  (11). 
Only  the  occasional  mature  monocyte,  to  be  accounted  for  by  the 
number  to  be  found  in  the  circulating  blood,  was  seen.  On  the  6th 
day,  however,  there  were  found  (R  217)  for  the  first  time,  a  few  mono¬ 
cytes;  and  on  the  8th  day  the  supravital  studies  (R  218)  showed  two 
very  definite  and  striking  changes,  undoubtedly  correlated:  (1) 
changes  in  the  fat  cells,  and  (2)  the  appearance  of  many  young  mono¬ 
cytes. 

In  this  marrow  of  the  8th  day  were  found,  in  the  supravital  studies, 
later  confirmed  in  sections,  a  few  clumps  of  fat  cells  showing  the 
breaking  up  of  the  usually  large,  homogeneous  fat  globule  into  smaller 
droplets,  with  the  beginning  of  the  shrinking  of  individual  cells.  The 
demobilization  of  fat  is  obviously  the  principal  mechanism  of  making 
room  for  new  elements  in  bone  marrow,  as  may  be  seen  in  the  con¬ 
version  from  a  fatty  to  a  red  marrow  under  many  pathological  condi- 
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ditions.  That  the  fat  is  in  an  extremely  labile  form  was  demonstrated 
by  one  of  us  (4)  in  studies  in  the  experimental  hypoplasia  of  avian 
bone  marrow.  It  was  shown  that  in  the  pigeon  the  bone  marrow  of 
the  radius  may  be  reduced  to  a  completely  hypoplastic  or  fatty  state 
during  a  fasting  period  in  which  there  is  a  loss  of  from  100  to  150  gm. 
in  body  weight.  A  biopsy  at  this  stage  was  followed  by  the  giving  of 
abundant  food  to  the  bird,  with  succeeding  operative  removals  of 
marrow  at  24  hour  intervals  for  comparison.  In  24  hours  there  were 
marked  changes  in  the  fat  consisting  in  a  regression  of  the  fat  cells 
toward  their  embryonal  state.  It  is  well  known  that  the  developing 
fat  cell  has  the  fat  in  small  droplets,  the  nucleus  being  centrally 
placed,  the  ultimate  resting  cell  showing  a  flattened  peripheral  nucleus 
with  one,  large,  homogeneous  fat  globule  within  the  stretched  cell 
membrane.  The  regressing  fat  cells  of  the  pigeon’s  marrow  showed 
first  a  breaking  up  of  the  single,  large,  fat  sphere  into  many  smaller 
droplets.  This  was  followed  by  the  shrinking  of  the  individual  fat 
cells  always  toward  the  blood  vessels  to  which  they  appeared  to  be 
anchored,  and  into  which  the  fat  seemed  to  be  passing  for  transport 
from  the  marrow.  In  48  hours  all  the  fat  had  been  removed  from 
the  pigeon’s  radius  coincident  with  the  restoration  of  the  marrow  to 
a  rapidly  regenerating  hemopoiesis.  It  was  the  beginning  of  such  a 
process  of  fat  demobilization  which  was  evident  in  the  marrow  of 
rabbits  on  the  8th  day  after  a  tubercular  infection. 

At  the  same  time,  the  supravital  studies  showed  marked  evidence 
of  the  development  of  young  monocytes,  many  of  them  monoblasts, 
with  rosettes  a  single  granule  deep.  No  epithelioid  cells  were  found. 
The  normal  bone  marrow  does  not  contain  monocytes  younger  than, 
nor  in  numbers  exceeding  those  of  the  circulating  blood,  but  in  this 
instance  as  many  as  20  per  oil  immersion  field  were  counted  repeatedly. 
This  observation  with  the  living  cells  was  confirmed  in  sections.  In 
the  fixed  sections  stained  with  hematoxylin  and  eosin,  it  would  not 
have  been  possible  to  discriminate  the  individual  monoblasts  from 
myeloblasts  with  such  assurance  without  the  aid  of  the  preliminary 
supravital  studies.  Nevertheless  there  were  signs  other  than  staining 
reaction  in  the  sections  themselves  which  indicated  the  interpretation 
to  be  correct.  In  normal  bone  marrow  the  number  of  myeloblasts  is 
exceedingly  limited;  most  of  the  myeloid  elements  are  in  the  stage  of 
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the  late  myelocyte,  with  a  full  quota  of  granules,  which  have  been 
designated  Type  C  (5,  6),  Moreover,  in  myeloid  stimulation  or  in 
experimental  depletion  of  the  bone  marrow,  myeloblasts  do  not  appear 
until  the  myelocytes.  Type  C,  have  been  reduced  and  the  marrow 
thrown  back  to  the  level  of  the  earlier  Types  A  and  B ;  then  such  a 
marrow,  if  active  regeneration  is  to  occur,  shows  myeloblasts  and  early 
myelocytes  in  mitosis  and  in  increased  numbers.  In  contrast,  this 
marrow  of  the  rabbit  8  days  after  infection  showed  only  the  usual 
percentage  of  late  myelocytes;  thus  the  myeloid  hemopoietic  elements 
were  as  yet  entirely  unaffected  and  the  peripheral  blood  at  this  stage 
indicated  no  change  in  those  blood  cells  coming  from  the  marrow. 
Yet  in  the  sections  there  were  large  numbers  of  deeply  basophilic, 
immature  forms,  with  centrospheres  easily  seen  as  clear  areas  in  the 
dense  blue  cytoplasm.  These  were  the  monoblasts  and  young  mono¬ 
cytes  which  had  been  seen  in  the  vital  preparations.  There  was  no 
indication  that  they  arose  elsewhere  than  locally  in  the  bone  marrow; 
at  this  stage  there  was  no  rise  in  monocytes  in  the  blood  stream  to 
indicate  their  transportation  through  the  blood  into  the  marrow. 
We  think  that  they  arose  in  situ  from  the  primitive  undifferentiated 
mesenchymal  stem  cell  which  may  give  rise  to  any  of  the  three  strains 
of  the  white  blood  cells,  the  leucocyte,  lymphocyte  or  monocyte  (6) ; 
normally  this  stem  cell,  this  undifferentiated  mesenchyme  or  so  called 
reticular  cell,  gives  rise  only  to  leucocytes  in  bone  marrow,  but,  under 
the  stimulus  of  a  tubercular  infection,  and  after  the  usual  very  definite 
latent  period  (7),  the  same  stem  cell  may  give  rise  to  monocytes, 
preliminary  to  the  development  of  the  epithelioid  cell  typical  of  the 
specific  pathology  of  the  disease. 

Chart  1  records  the  data  gathered  from  the  peripheral  blood  in  counts  taken 
before  infection  and  just  before  autopsy  in  the  5  animals  examined  from  the 
10th  to  the  18th  days  of  the  disease.  On  the  10th  day  (R  227)  after  infection 
there  was  a  definite  decrease  in  the  fat  content  of  the  marrow  with  more  evidence 
of  the  nature  of  the  demobilization  in  the  number  of  cells  showing  the  breaking 
up  of  the  fat  into  many  fine  droplets.  In  addition  to  increased  numbers  of  young 
monocytes,  some  with  two  nuclei  indicating  rapid  multiplication,  there  were 
numerous  mature  monocytes  and  the  beginning  appearance  of  scattered  typical 
epithelioid  cells  with  a  full  quota  of  mitochondria.  There  was  a  definite  deple¬ 
tion  of  the  late  Myelocytes  C;  Myelocytes  B  were  obvious,  but  there  were  no  in¬ 
creases  in  Myelocytes  A  or  in  myeloblasts.  The  red  cell  series  showed  a  pre- 
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dominance  of  erythroblasts,  with  the  appearance  of  megaloblasts  and  early 
erythroblasts.  The  clasmatocytes  remained  increased  in  number  with  their 
phagocytic  activity  stimulated  above  the  normal  for  this  tissue.  The  mega- 
caryocytes,  while  not  reduced  in  apparent  number,  showed  here  and  there  de¬ 
generating  nuclei  and  cytoplasm. 

Supravital  studies  on  the  12th  day  (R  228)  showed  markedly  decreased  fat, 
many  fields  having  none  or  only  one  greatly  shrunken  fat  cell.  Every  field  con¬ 
tained  epithelioid  cells,  either  singly  or  in  small  clumps;  many  cells  had  two 
nuclei.  The  myelocytes  were  thrown  back  to  the  B  type,  only  a  few  C  myelocytes 
being  present.  The  neutrophilic  leucocytes  in  the  peripheral  blood  had  fallen 
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from  an  original  count  of  10,000  per  c.mm.  to  2800  (Chart  1).  The  red  cells 
while  showing  a  larger  percentage  of  early  erythroblasts  than  normal  still  con¬ 
tained  normoblasts  in  appreciable  numbers.  The  clasmatocytes  showed  en¬ 
gorgement  with  whole  red  blood  cells.  Many  of  the  megacaryocytes  appeared 
shrunken  and  dead  with  very  little  cytoplasm  surrounding  the  nuclei.  The  plate¬ 
lets  had  fallen  from  an  original  count  of  910,000  per  c.mm.  to  150,000  (Chart  1). 

Rabbit  61  A  (R  229)  (14  days)  again  showed  a  bone  marrow  with  the  fat  absent 
from  many  fields  in  supravital  surveys,  the  presence  of  fine  droplets  indicating 
the  continued  transportation  from  the  marrow  of  the  final  fat  deposits.  Numer¬ 
ous  typical  epithelioid  cells,  many  young  forms,  singly  and  in  clumps,  were  in 
every  field  of  every  preparation.  A  marked  reduction  in  C  myelocytes,  with  many 
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B  types,  but  with  the  predominating  blood  cell  the  early  erythroblast,  indicated 
the  gradual  encroachment  of  the  new  growth  on  the  blood-forming  tissues.  The 
red  cells  had  fallen  from  an  original  level  of  6,700,000  per  c.mm.  to  3,900,000, 
hemoglobin  from  75  per  cent  to  42  per  cent,  and  the  leucocytes  from  10,500  to 
1 580  (Chart  1) .  There  were  many  clasmatocy tes,  actively  phagocytic,  with  whole, 
nucleated  and  non-nucleated  red  blood  cells  and  their  fragments  engulfed. 
Only  two  megacaryocytes,  one  without  cytoplasm,  were  seen  in  a  survey  of 
many  fields.  The  platelets  had  fallen  from  an  original  level  of  640,000  per  c.mm. 
to  180,000. 

In  Rabbit  62  A  (R  230)  (16  days)  supravital  studies  of  the  bone  marrow  re¬ 
vealed  practically  no  fat.  There  were  great  numbers  of  monocytes,  typical 
epithelioid  cells  and,  for  the  first  time,  true  giant  cells  of  the  Langhans  tjpe. 
There  was  a  minimum  of  myeloid  cells  at  any  stage  of  maturity;  the  red  cell 
series,  largely  erythroblastic  with  a  few  normoblasts,  greatly  predominated.  The 
leucocytes  had  fallen  from  an  original  absolute  number  of  4800  per  c.mm.  in 
the  peripheral  blood  to  372,  while  the  monocytes  had  risen  from  0  to  5084 
(Chart  1).  The  clasmatocy  tes  were  still  stimulated,  and  the  megacaryocytes, 
though  decreased  in  absolute  numbers  from  the  normal,  were  increasing  over  the 
percentage  found  at  the  immediately  preceding  stages. 

At  18  days  after  infection  (R  231)  the  only  fat  to  be  found  in  the  bone  marrow 
was  an  occasional  fat  globule  the  size  of  a  red  cell.  There  were  many  typical 
epithelioid  cells,  showing  no  tendency  toward  phagocytosis,  in  sharp  morpho¬ 
logical  and  functional  distinction  to  clasmatocytes  loaded  with  phagocytosed 
w’hite  and  red  blood  cells.  The  monocytes  rose  from  650  per  c.mm.  to  3070  in 
the  peripheral  blood,  and  the  clasmatocytes  from  0  to  465  (Chart  1).  There  was 
striking  limitation  of  the  myeloid  elements,  baso-,  pseudo-  and  eosinophilic 
myelocytes  being  all  proportionately  depressed.  The  red  cells  showed  all  stages 
of  erythroblastic  maturation,  with  very  few  megaloblasts  and  normoblasts. 
The  red  count  had  fallen  from  6,350,000  per  c.mm.  to  3,030,000  and  the  hemoglobin 
from  76  per  cent  to  30  per  cent,  the  leucocytes  from  5000  to  1400.  There  w'as  a 
striking  excess  of  megacaryocytes  in  this  marrow  in  contrast  to  those  marrows  of 
the  period  from  10  to  14  days.  There  were  many,  often  nests  of  5  per  field, 
small,  obviously  young  cells,  with  from  one  to  three  nuclei;  and  then,  frequently, 
there  would  be  found  large,  single,  multinucleated  cells  covering  half  an  oil 
immersion  field.  The  platelets  in  the  first  count  before  infection  in  this  animal 
had  been  910,000  per  c.mm.  and  in  the  final  count  they  were  740,000.  In  the 
supravital  preparation  of  the  peripheral  blood  the  platelets  varied  greatly  in  in¬ 
dividual  size,  which  variation  was  quite  obvious  in  the  counting  chamber  also. 
And  this  has  been  confirmed  repeatedly  in  other  animals  in  which  the  platelets 
have  been  followed  (see  for  example  Chart  9).  During  the  period  of  low  platelets 
in  the  peripheral  blood  there  was  a  distinctly  increased  coagulation  time  for  the 
blood.  It  will  be  readily  seen  from  Charts  1  and  9,  representative  of  14  animals, 
that  the  platelets  show  a  sharp  decrease  in  the  peripheral  blood  earlier  than  the 
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red  or  white  cells,  that  the  period  of  depression  has  a  briefer  duration  (from  the 
9th  to  the  14th  day  after  infection  approximately)  and  that  the  return  to  the 
limits  of  normal  comes  often  while  the  greatest  depression  of  the  other  blood 
elements  is  being  experienced.  Coincident  with  these  peripheral  manifestations 
there  may  be  correlated  changes  in  the  qualitative  and  quantitative  characteristics 
of  the  megacaryocytes  in  the  bone  marrow.  This  evidence  might  be  used  in 
further  presumptive  corroboration  of  the  direct  relationship  between  the  platelet 
of  the  blood  and  the  raegacaryocyte  of  the  bone  marrow,  and,  conversely,  to 
question  further  the  origin  of  platelets  from  the  granulocytic  and  erythrocytic 
series. 

The  demonstration  of  the  first  appearance  of  young  monocytes  in 
the  marrow  on  the  6th  to  8th  day  after  inoculation  with  massive 
intravenous  doses  of  bacilli,  no  epithelioid  cells,  no  tubercles  yet 
having  appeared,  correlated  with  the  constant  development  of  marked 
tuberculosis  of  the  marrow  following  close  upon  their  appearance,  is  an 
added  confirmation  of  the  origin  of  the  epithelioid  cell  from  and 
through  the  monocyte;  clasmatocytes  are  present  in  increased  numbers 
from  48  hours  on.  Since  the  development  of  an  extensive  tuberculosis 
of  the  marrow  in  from  12  to  21  days  after  infection  has  been  a  constant 
finding  with  two  strains  of  bovine  tubercle  bacilli  (Bi  and  214  E) 
(see  below),  it  is  believed  that  the  increase  in  young  monocytes  marks 
the  onset  of  the  local  tubercular  process.  The  fat  is  gradually  de¬ 
pleted  as  the  encroaching  tubercular  tissue  advances  and  the  anemia 
and  leucopenia  progress  until  the  beginning  spontaneous  regression 
of  the  foreign  tissue  makes  room  within  the  rigid,  bony  confines  of  the 
hemopoietic  organs  for  adequate  blood  formation. 

The  Later  Reactions. 

In  the  remaining  68  rabbits  of  this  series,  we  have  used  the  pre¬ 
liminary  studies  of  the  blood  in  each  animal  before  infection  with 
tubercle  bacilli  as  the  normal  base  line.  The  extent  of  the  anemia 
and  fall  in  neutrophilic  leucocytes  after  infection  are  indicated  in 
Table  I.  In  this  group,  the  onset  of  the  fall  of  the  red  cells  and  hemo¬ 
globin  has  come  on  the  average  11  days  after  the  injection  of  tubercle 
bacilli.  This  average  includes  only  62  of  the  68  rabbits,  because  to 
6  of  the  animals  had  been  given  a  hemolytic  serum  before  the  injection 
of  the  bacilli,  thus  introducing  two  factors  in  the  production  of  the 
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anemia.  In  all  6  there  was  a  further  fall  of  the  red  cells  after  the 
injection  of  the  bacilli  but  the  time  of  onset  was  not  so  striking. 

In  some  instances  the  fall  of  the  neutrophilic  leucocytes  (pseudo- 
eosinophilic  in  the  rabbit)  began  on  the  same  day  as  the  fall  in  the 


TABLE  I. 


Blood  of  normal  rabbits. 

Averages  from  68  animals 

Average  of  greatest  anemia  and  fall  of  P.M.N. 
in  the  same  68  animals  after  infection 

R.B.C.  5,425,697 

R.B.C.  2,741,764 

Hgb.  62  per  cent  (Newcomer) 

Hgb.  35  per  cent 

P.M.N.  3833 

P.M.N.  940 

44  per  cent 

17  per  cent 

TABLE  II. 

Age  of  Cultures  of  2'ubercle  Bacilli,  Strain  Bi,When  Used  for  Inoculation,  with 
Average  Period  before  Onset  of  Anemia. 


Age  of  culture 

Average  day  of  onset  of  anemia 

days 

day 

9 

12th 

13 

9th 

14 

10th 

18 

11th 

19 

14th  (.All  12  animals) 

28 

13th 

29 

nth 

32 

10th 

34 

13th 

38 

nth 

56 

No  anemia  produced  in  6  animals  within 
30  days 

red  cells,  but  it  occasionally  preceded  the  latter,  so  that  the  average 
initiation  of  the  fall  in  white  cells  was  on  the  9th  day.  The  onset  of 
the  appearance  of  this  effect  on  the  bone  marrow  has  been  quite 
constant  with  reference  to  the  subculture  used;  for  example  in  one 
instance  12  animals  injected  from  a  given  subculture  all  showed  the 
onset  of  the  anemia  on  the  same  day;  in  every  group  of  animals  in- 
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fected  from  a  given  subculture  2  or  more  have  developed  the  anemia 
simultaneously  (Chart  2).  There  has,  however,  been  no  constant 
relation  between  the  onset  of  the  anemia  and  the  period  of  incubation 
of  the  subculture  (Table  II) ;  in  each  instance  the  culture  chosen  for 
inoculation  has  shown  an  excellent  growth  of  bacilli  and  the  effective 
range  of  incubation  has  been  from  9  to  38  days.  With  a  culture  of 
9  days  the  average  onset  of  the  anemia  was  on  the  12th  day,  while  with 
one  of  38  days  the  average  onset  was  11  days  after  infection;  with  one 
old  culture  of  56  days  there  was  no  manifestation  of  the  development 
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Chart  3. 


of  an  acute  phase  of  the  tuberculosis  after  30  days  in  the  6  rabbits 
inoculated  (Chart  5).  We  have  realized  that  to  get  the  exact  time  of 
the  onset  of  the  anemia  and  leucopenia  it  would  be  necessary  to  have 
counts  of  the  blood  every  day  which  was  not  done  in  the  original 
series,  but  the  general  period  of  depression  has  been  remarkably  con¬ 
stant.  In  2  animals  of  a  new  series  counted  every  day  the  onset  of 
the  anemia  was  on  the  9th  day  in  both  instances  and  the  onset  of  the 
leucopenia  on  the  5th  day. 

The  lowest  red  count  in  the  series  was  1,410,000  cells  and  the  lowest 
hemoglobin  was  21  per  cent.  There  were  several  instances  of  an 
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extreme  fall  in  neutrophilic  leucocytes  to  percentages  under  10  and  to 
total  numbers  ranging  from  100  to  200  cells  per  c.mm.  There  was 
one  count  of  100  white  cells  with  no  neutrophilic  leucocytes  present. 
The  other  types  of  granulocytes,  the  eosinophilic  and  basophilic 
leucocytes,  have  also  shown  changes.  The  eosinophilic  leucocytes 
normally  occur  in  small  numbers  in  the  rabbit,  ranging  from  1  to  2 
per  cent,  and  they  disappear  entirely  from  the  peripheral  blood  during 
the  leucopenic  phase  of  the  disease;  the  basophilic  cells,  normally  rang¬ 
ing  from  8  to  10  per  cent,  do  not  decrease  so  markedly  during  the 
leucopenic  phase  but,  as  will  be  shown,  they  are  subsequently  in¬ 
creased  during  the  compensatory  leucocytosis. 

In  the  analysis  of  this  latter  series  the  animals  fall  naturally  into 
three  groups,  according  to  the  phase  of  the  anemia  and  leucopenia  at 
the  time  of  death.  Most  of  the  animals  died  spontaneously  of  the 
disease,  but  a  few  were  killed  when  it  was  estimated  that  they  might 
not  live  through  the  night  and  supravital  studies  of  the  fresh  tissues 
were  desired.  The  first  group,  30  animals,  showed  falling  red  cells 
and  granulocytes  at  the  time  of  death,  and  all  died  acutely  during  the 
1st  month  after  infection.  Of  this  group  22  died  and  8  were  killed. 
The  average  length  of  life  was  22  days,  the  extremes  being  15  and 
34  days.  Only  2  of  the  animals  lived  longer  than  30  days,  one  31  days, 
the  other  34  days,  and  neither  of  the  2  had  a  blood  count  for  4  days 
preceding  death,  so  that  the  red  cells  may  have  begun  to  rise  in  them 
before  death. 

The  second  group  consists  of  17  animals  which  showed  the  beginning 
of  recovery  of  the  bone  marrow  as  reflected  by  the  onset  of  a  rise  in 
red  cells,  hemoglobin  and  granulocytes.  Of  these  animals  14  died  and 
3  were  killed.  The  fatalities  came  approximately  during  the  2nd 
month,  with  an  average  length  of  life  of  35  days  and  a  range  of  from 
18  to  60  days  after  infection;  there  were  3  animals  with  a  duration  of 
life  under  30  days;  1  was  killed  at  18  days,  1  died  at  19  and  1  at  20 
days.  This  group  shows  the  remarkable  fact  of  animals  dying  with 
an  advancing  pulmonary  lesion  while  the  bone  marrow  was  recovering 
from  tuberculosis. 

The  third  group  consists  of  21  animals,  in  all  of  which  the  peripheral 
blood  indicated  a  restoration  of  the  bone  marrow,  in  that  the  red 
cells,  the  hemoglobin  and  the  granulocytes  had  either  returned  to  or 


326 


TUBERCULOSIS 


exceeded  the  original  normal  level.  The  average  length  of  life  in  this 
group  was  150+  days,  the  range  of  life  being  from  59  to  247  days, 
not  including  1  rabbit  which  was  infected  March  22,  1926,  and  is  still 
alive  after  1  year.  Of  these  animals  14  died,  5  were  killed  when  it 
was  estimated  that  they  might  not  have  lived  through  the  night,  1 
was  killed  while  still  in  good  condition  and  1  is  still  living. 

On  Chart  3  (R  19)  is  shown  the  record  of  the  peripheral  blood  of  1  of  the  ani¬ 
mals  representative  of  the  first  group.  The  red  cells  and  hemoglobin  are  shown 
in  the  upper  section  of  the  chart,  the  neutrophilic  leucocytes  (pseudoeosinophilic 
in  the  rabbit),  the  lymphocytes  and  monocytes  in  the  lower  section.  Before  in¬ 
fection  the  white  cells  ranged  from  5300  on  the  6th  of  November  to  1 1 ,500  on  the 
13th,  the  increase  being  due  to  lymphocytes,  not  an  unusual  differential  curve  in 
certain  normal  rabbits;  the  monocytes  were  consistently  below  1000.  As  will 
be  seen  on  the  chart,  there  was  a  rise  in  monocytes,  which  were  entirely  normal, 
qualitatively,  on  the  2nd  day  after  infection.  We  have  found  this  transitory 
rise  in,  usually  normal,  monocytes  on  the  2nd  or  3rd  day  after  infection  in  many 
of  the  animals  of  this  series.  This  rise  may  be  due  to  a  division  of  the  monocytes 
already  in  the  blood  stream  or  to  the  entry  of  new  cells  into  the  vessels  from  the 
tissues,  but  the  survey  of  the  general  body  tissues  during  this  period  (3)  reveals 
primarily  a  clasmatocyte  reaction,  so  that  it  would  appear  more  probable  as  a 
reaction  closely  related  to  the  blood  itself.  From  the  1st  of  December  there  was 
a  phenomenal  rise  in  monocytes,  a  large  proportion  of  which  were  abnormal  Avith 
lessened  motility  and  with  markedly  increased  bodies  staining  in  neutral  red. 
There  were  also  some  typical  epithelioid  cells.  From  the  1st  to  the  4th  of  De¬ 
cember,  there  was  a  marked  rise  in  desquamated  endothelial  cells,  clasmatocytes, 
ranging  from  4  to  17  per  cent  of  the  white  cells  in  the  blood.  Two  of  the  endo¬ 
thelial  cells  from  this  animal  have  been  illustrated  in  a  preceding  paper  (9).' 
On  December  4th,  just  before  the  animal  was  killed  there  were  several  sheets  of 
endothelial  cells,  one  of  which  contained  19  cells,  seen  in  the  peripheral  blood, 
and  similar  sheets  were  seen  in  supravital  preparations  of  the  spleen  immediately 
afterward.  With  the  extreme  rise  in  monocytes  during  the  last  3  days,  there 
was  a  fall  in  lymphocytes,  the  final  ratio  of  monocytes  to  lymphocytes  being 
75.5  to  14  in  percentage  and  9475  to  1757  in  numbers. 

The  lines  of  monocytes  and  lymphocytes  on  the  chart  show  the  progress  of 
the  tuberculosis  in  the  general  tissues,  while  the  three  lines  of  red  cells,  hemo¬ 
globin  and  neutrophilic  leucocytes  indicate  the  progress  of  the  lesion  in  the  bone 
marrow.  The  abrupt  fall  in  the  curve  of  the  red  cells  came  between  the  counts 
recorded  for  the  25th  and  the  30th,  making  the  drop  of  the  red  cells,  hemoglobin 
and  the  leucocytes  come  between  the  9th  and  14th  days  after  infection.  In 
the  animals  on  which  a  count  has  been  made  every  day  for  a  comparable  period 


*  Sabin  and  Doan  (9),  Figs.  5  and  11. 
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the  fall  has  been  a  gradual  one.  The  curve  of  the  hemoglobin  acts  as  a  check  on 
the  red  cell  counts,  the  close  paralleling  of  the  two  records  indicating  the  relative 
accuracy  of  our  present  technical  methods  for  ascertaining  comparative  values 
at  least. 

At  autopsy  the  lungs  of  this  animal  showed  diffuse  generalized  tuberculosis  of 
so  marked  a  grade  that  distinct  tubercles  were  not  seen  in  the  gross;  microscopic 
sections  showed  an  extreme  grade  of  the  disease  with  only  small  areas  with  patent 
air  sacs;  there  was  very  little  caseation.  The  spleen  was  markedly  enlarged, 
weighing  17  gm.,  the  normal  average  weight  being  0.9  gm.  according  to  Rous  and 
Robertson  (10);  it  showed  an  extreme  dilatation  of  the  sinuses  and  extensive 
tuberculosis.  The  free  cells  obtained  by  gentle  scraping  of  a  freshly  cut  surface 
showed  some  epithelioid  cells,  large  numbers  of  clasmatocytes  with  ingested  red 
cells  and  many  sheets  of  endothelial  cells.  On  section  the  spleen  showed  extreme 
tuberculosis  and  markedly  dilated  sinuses.  Our  impression  is  that  the  marked 
acute  splenic  tumor  present  in  every  animal  of  the  series  that  died  during  the 
1st  month  was  due  to  the  dilatation  of  the  sinuses.  The  lymph  glands  likewise 
showed  marked  tuberculosis  with  caseation;  also  dilatation  of  the  lymphatic 
sinuses.  Both  glands  of  the  hilum  of  the  lung  and  the  mesenteric  lymph  nodes 
were  studied.  There  were  a  few  small  tubercles  in  the  liver;  the  adrenals  were 
negative  except  for  an  occasional  single  epithelioid  cell. 

The  bone  marrow  of  this  animal  (R  19)  is  shown  in  Fig.  1.  In  the  gross  the 
marrow  was  dark  red,  elastic,  not  gelatinous.  The  striking  points  in  the  section 
are  the  complete  elimination  of  the  fat  cells,  the  extensive  tuberculosis  and  the 
reduction  of  the  marrow  to  an  early  erythroblastic  level.  The  supravital  prepara¬ 
tions  showed  no  fat,  but  there  were  epithelioid  cells  as  evidence  of  the  tuberculosis 
and  early  erythroblasts  with  an  occasional  megaloblast.  In  contrast  to  normal 
bone  marrow,  there  was  a  great  reduction  in  myelocytes.  A  few  myelocytes 
are  seen  in  a  gray  tone  across  the  artery  in  the  center  of  the  section.  The  edge 
of  the  marrow,  which  is  usually  marked  by  a  prominent  zone  of  mature  myelo¬ 
cytes,  will  be  seen  in  this  section  to  be  markedly  depleted.  The  section  shows 
two  types  of  areas,  the  paler  zones  which  are  tubercular  tissue,  the  darker  zones 
which  are  masses  of  early  erythroblasts.  There  are  some  megacaryocytes,  but 
our  impression  is  that  they  are  reduced  in  number.  Such  a  bone  marrow  cor¬ 
responds  with  the  peripheral  blood  on  the  last  day  of  Chart  3;  the  leucocytes 
were  reduced  to  2.5  per  cent  with  313  as  the  total  number;  the  red  cells  were 
2,040,000  and  the  hemoglobin  27  per  cent.  In  the  normal  marrow  there  are 
many  times  more  myelocytes  of  Type  C  (6)  than  nucleated  red  cells;  in  this 
marrow  the  supravital  studies  and  the  section  show  vastly  more  erythroblasts 
than  myelocytes  but  the  erythroblasts  were  for  the  most  part  too  young  to  have 
been  ready  for  the  peripheral  blood.  Thus  this  marrow  had  been  depleted  of  its 
fat  to  make  room  for  the  tubercular  tissue  and  at  the  same  time  the  marrow  had 
been  depleted  of  most  of  its  store  of  myelocytes  and  normoblasts:  it  had  been 
thrown  back  to  the  level  of  the  early  erythroblasts  with  no  sign  whatever  of  a 
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Stimulation  of  them  into  the  late  erythroblasts  and  normoblasts.  Moreover, 
there  was  a  tendency  toward  the  formation  of  myeloblasts  to  indicate  a  regenera¬ 
tion  of  the  white  series.  From  such  a  marrow  the  anemia  and  the  low  level  of 
granulocytes  in  the  peripheral  blood  are  readily  understood.  This  marrow 
stained  for  tubercle  bacilli  showed  often  as  many  as  10  or  12  acid-fast  organisms 
in  the  occasional  epithelioid  cell. 

On  Chart  4  is  shown  the  blood  of  a  second  rabbit  (R  18)  of  the  first  group.  It 
shows  the  same  points  except  that  the  terminal  rise  in  monocytes  was  not  quite 
so  marked  though  the  animal  died  with  the  monocytes  exceeding  the  lympho¬ 
cytes  in  the  peripheral  blood.  These  two  charts  are  entirely  representative  of 
the  complete  group  of  30  animals  that  died  in  the  acute  phase  of  the  disease. 

-  Rabbit  8  R18 


2  6  11  16  20  25  .  2 

Nov.  Dec. 

Chart  4. 


In  every  instance  there  has  been  extreme  or  miliary  tuberculosis  of  the  lungs; 
acute  splenic  tumor  with  marked  tuberculosis;  involvement  of  the  lymph  glands 
and  extensive  tuberculosis  of  the  bone  marrow.  All  the  charts  of  the  pefipheral 
blood  of  this  group  are  practically  identical:  they  show  a  fall  in  red  cells,  hemo¬ 
globin  and  granulocytes  which  has  been  correlated  at  autopsy  with  the  demonstra¬ 
tion  of  a  marked  tuberculosis  of  the  bone  marrow;  as  a  sign  of  the  general  tubercu¬ 
losis,  there  has  usually  been  the  transitory  rise  in  monocytes  on  the  2nd  day, 
with  a  marked  rise  in  abnormal  monocytes  in  the  3rd  week  and  a  corresponding 
fall  in  lymphocytes. 


The  second  group  of  rabbits,  the  17  that  survived  the  first  acute 
hemopoietic  depression  from  the  infection,  yet  died  for  the  most  part 
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in  the  2nd  month,  all  showed  the  beginning  of  a  recovery  of  the  bone 
marrow. 


On  Chart  6  (R  80)  is  the  record  of  the  peripheral  blood  of  an  animal  showing 
the  beginning  change  from  the  reaction  which  occurred  in  the  first  group.  Before 
infection  this  animal  received  two  doses  of  a  hemolytic  serum  which  caused  some 
fall  in  both  red  cells  and  hemoglobin.  The  blood  was  counted  twice  on  the 
day  of  the  injection  of  the  bacilli.  At  9.00  a.m.  the  total  white  count  was  6150; 
the  bacilli  were  given  at  9.30;  by  1.30  the  white  cells  numbered  16,500,  and  the 
chart  shows  that  the  rise  was  due  to  a  transient  outpouring  of  the  neutrophilic 
leucocytes.  The  onset  of  the  anemia  and  the  fall  in  leucocytes  secondary  to  the 
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tuberculosis  began  on  the  9th  day.  The  interesting  point  in  the  chart  is  that 
there  was  a  slight  rise  in  the  red  cells,  more  marked  in  the  hemoglobin  just  before 
the  death  of  the  animal.  A  rise  in  hemoglobin  accompanied  or  followed  by  a  rise 
in  the  red  cells  is  constant  for  the  entire  group.  The  terminal  rise  in  leucocytes 
shown  on  this  chart  is  unusual  for  animals  dying  at  this  stage.  At  autopsy, 
this  animal  showed  extensive  tubercles  of  the  lungs,  some  of  which  were  caseated 
and  surrounded  by  lymphocytes;  this  is  in  contrast  to  the  extreme  diffuse  reac¬ 
tion  of  the  first  group.  The  spleen  had  marked  dilatation  of  the  sinuses,  ex¬ 
tensive  tuberculosis  of  the  pulp,  with  some  involvement  of  the  follicles.  The  mar¬ 
row  was  most  interesting  (Figs.  4  and  5) .  With  the  low  power,  the  marrow  is  not 
far  different  from  that  of  Fig.  1 ;  there  is  the  same  extensive  tuberculosis,  the  same 
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complete  elimination  of  fat  and  the  same  reduction  of  the  marrow  to  an  early 
erythroblastic  state.  The  distribution  of  the  epithelioid  cells  is  rather  more  diffuse, 
and  this  is  characteristic  of  most  of  the  marrows  in  the  early  stage;  it  indicates 
that  there  is  no  reaction  whatever  on  the  part  of  the  connective  tissue  frame 
work  in  the  marrow.  The  differences  between  this  marrow  and  that  of  Fig.  1 
are  shown  in  the  higher  power  of  Fig.  5  and  consist  (1)  in  the  signs  of  degeneration 
of  the  single  epithelioid  cells  and  (2)  in  the  presence  of  normoblasts.  The  large 
pale  epithelioid  cells  are  very  clear  with  the  reduced  and  altered  chromatin  of  the 
nuclei  and  the  vacuolated  cytoplasm.  In  both  marrows  there  are  certain  pale 
areas,  from  which  the  epithelioid  cells  seem  to  have  disappeared  entirely  as  if 
bone  marrow  was  unfavorable  soil  for  their  persistence.  There  are  no  signs  of 
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any  degeneration  of  the  white  cells,  but  in  Fig.  5  there  are  two  swollen  endo¬ 
thelial  cells,  which  have  been  shown  (4, 11)  to  mark  the  onset  of  the  regeneration 
of  red  cells,  and  certain  lines  of  normoblasts  are  quite  clear  along  the  left  border 
of  the  section.  It  is  interesting  to  note  that  so  slight  a  change  in  the  red  cells 
as  is  shown  in  the  chart  is  readily  found  in  the  bone  marrow.  When  this  marrow 
was  stained  for  tubercle  bacilli  the  results  were  most  interesting.  Whole  bacilli 
in  epithelioid  cells  were  rare.  On  the  other  hand  the  vessels  were  outlined  by 
cells  filled  with  acid-fast  granules  in  the  Ziehl-Neelsen  technique.  These  cells 
occur  along  the  large  venous  sinuses,  the  smaller  veins  and  capillaries  and  even 
along  the  collapsed  capillaries  which  Doan  (4)  first  described  as  passing  between 
individual  fat  cells.  They  make  the  vascular  pattern  almost  as  plain  as  an  in- 
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jection.  The  cells  with  the  granules  are  the  clasmatocytes,  the  so  called  ad^ 
ventitial  cells  of  Marchand,  and  occasionally  it  appears  as  if  the  endothelium 
itself  might  contain  some  of  the  granules.  Evidence  is  presented  in  a  following 
paper  (3)  indicating  that  the  clasmatocyte  fragments  tubercle  bacilli  in  this 
manner  while  the  epithelioid  cell  retains  them  intact. 

The  same  processes,  carried  a  little  farther,  are  shown  on  Chart  7  (R  71). 
The  corresponding  bone  marrow  is  shown  in  Figs.  6  and  7.  The  animal  lived 
for  31  days  after  inoculation  and  the  chart  shows  a  definite  rise  in  hemoglobin, 
and  the  very  beginning  of  a  rise  in  the  red  cells.  The  lungs  had  an  extreme  tuber¬ 
cular  pneumonia  and  no  lymphoid  reaction.  The  spleen  showed  dilatation  of 
the  sinuses  and  tuberculosis  of  the  follicles.  In  the  bone  marrow  (Fig.  6),  it  is 
plain  that  there  are  two  different  types  of  areas:  first,  the  large  tubercular  zones 
such  as  the  one  on  the  left  with  a  few  fat  cells  in  the  center;  second,  zones  such  as 
the  center  of  Fig.  6  and  nearly  all  of  Fig.  7  (higher  power)  from  which  the  epi¬ 
thelioid  cells  have  disappeared  entirely,  leaving  the  normal  reticular  frame¬ 
work  of  the  marrow.  In  these  latter  areas  the  clumps  and  lines  of  developing 
red  cells  with  their  deeply  staining  nuclei  are  obvious.  Beside  the  red  cells  there 
are  small  clumps  of  early  myeloid  elements,  myelocytes.  Types  A  and  B,  much 
too  young  to  be  giving  rise  to  leucocytes  for  the  blood  stream.  Again  the  more 
advanced  regeneration  of  the  marrow  is  in  the  red  elements  as  is  obvious  in  Fig.  7, 
but  neither  red  cells  nor  white  cells  are  sufficiently  advanced  to  have  made  a 
marked  change  in  the  blood. 

The  comparison  of  Figs.  5  and  7  brings  out  what  happens  to  tubercular  tissue 
in  the  bone  marrow:  the  individual  epithelioid  cells  degenerate  as  shown  in 
Fig.  5  without  any  evidence  of  caseation;  the  debris  is  quickly  cared  for  as  formed 
and  there  are  left  the  zones  so  obvious  in  Fig.  7  which  reveal  the  reticular  frame¬ 
work  quite  unchanged.  In  all  the  marrows,  the  early  erythroblastic  group  has 
persisted  throughout  the  acute  phase  of  the  disease,  only  a  few  megaloblasts 
having  been  encountered,  that  is  to  say  the  production  of  red  cells  has  only 
rarely  been  completely  thrown  back  to  the  level  of  the  parent  endothelium,  a 
stage  produced  in  the  pigeon  by  underfeeding  (4),  and  described  for  the  human 
by  Peabody  (12).  In  general,  in  the  animals  of  our  series,  the  first  step  in  re¬ 
generation  (excluding  the  platelets)  has  been  a  rise  in  the  hemoglobin,  showing 
that  the  first  compensatory  mechanism  is  an  increase  in  the  amount  of  hemo¬ 
globin  per  cell;  the  next  step  is  the  increase  in  the  number  of  the  red  cells  and 
the  last  the  rise  in  leucocytes.  This  relative  reaction  time  of  red  cell  versus 
granulocyte  follows  both  the  embryonic  and  the  regenerative  potentialities  of 
these  respective  cell  types  as  shown  by  Sabin  (13)  and  Doan  (4,  11). 

Further  stages  in  the  recover>’  of  the  marrow  are  shown  on  Charts  8  (R  20), 
9  (R  196)  and  10  (R  12).  On  Chart  8  the  rise  in  hemoglobin  and  red  cells  is  now 
definite;  the  leucocytes  have  stopped  falling  and  are  perhaps  just  beginning  to 
return  to  the  blood.  Chart  9  depicts  a  further  recovery  in  red  cells  and  hemo¬ 
globin,  with  definite  recovery  in  the  neutrophilic  leucocytes  while  the  animal 
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was  dying  of  acute  pulmonary  tuberculosis.  This  graph  is  representative  of  the 
group  of  animals  in  which  findings  with  reference  to  blood  platelets  and  tempera¬ 
ture  were  studied.  In  14  animals  in  which  the  platelet  count  was  followed  there 
was  uniformly  an  earlier  (average  7  days)  and  more  sudden  depression  of  these 
elements  in  the  peripheral  blood  than  of  the  other  bone  marrow  derivatives, 
though  the  period  of  greatest  depression  usually  coincided  with  a  falling  red  and 
neutrophil  count.  The  recovery  of  the  platelets  both  as  observed  in  the  periph¬ 
eral  blood  and  as  correlated  with  the  disintegration  and  regeneration  of  mega- 
caryocytes  in  the  bone  marrow  (see  Chart  1)  indicates  a  more  sensitive  mechanism 
here  in  its  response  to  the  general  depression  of  the  disease  with  a  more  vigorous 
and  immediate  readjustment  to  the  new  conditions.  In  this  respect  it  will  be 
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noted  (Chart  9)  that  the  temperature  response  coincides  with  the  sharp  fall  in 
platelets  and  neutrophils  while  the  red  cells  are  only  beginning  to  show  a  more 
gradual  decline.  The  elevation  of  temperature  shows  the  higher  range  during 
the  gradual  depression  of  the  elements  from  the  bone  marrow  in  the  peripheral 
blood,  a  period  corresponding  to  the  rapid  development  and  extension  of  the 
tubercular  process  in  the  other  organs  and  tissues  of  the  body  as  well.  Chart  5 
(R  193)  indicates  the  lack  of  elevation  of  temperature  and  the  uniform  blood 
picture  relative  to  all  the  bone  marrow  elements  after  a  1  mg.  injection  of  bacilli 
from  a  culture  56  days  old.  A  reinfection  with  2  mg.  of  a  young  virulent  cul¬ 
ture  of  the  same  organism  promptly  initiated  the  usual  changes  in  the  blood  with 
an  immediate  fall  in  platelets  and  a  rise  in  temperature.  The  clasmatocytic 
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shower  on  the  day  following  the  reinfection  (March  22)  is  represented  by  the 
cell  reproduced  in  another  paper  (3).^  This  animal  died  during  the  acute  pro¬ 
gression  of  the  tubercular  process  in  the  bone  marrow.  The  other  5  animals  of 
this  experiment  all  died  acutely  within  12  hours  after  the  second  reinfection, 
obviously  being  in  an  allergic  state  even  though  the  blood  picture  had  remained 
within  normal  limits  and  the  tubercular  process  relatively  quiescent. 

These  changes  both  in  the  red  cells  and  in  the  leucocytes  are  well  marked  on 
Chart  10,  where  the  red  cells  are  practically  at  the  original  level  of  between  4000 
and  5000.  The  bone  marrow  corresponding  to  Chart  10  is  shown  in  Fig.  2.  This 
animal  was  in  very  poor  condition,  was  losing  weight  and  had  very  sluggish 
circulation,  so  it  was  killed.  The  lungs  showed  large  and  small  tubercles  sur- 
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rounded  by  lymphocytes.  There  was  very  little  caseation;  no  pneumonia.  The 
spleen  had  very  few  tubercles;  in  supravital  films  most  of  the  free  cells  were  of 
the  clasmatocyte  type  with  but  few  monocytes.  The  bone  marrow  in  supravital 
studies  showed  the  return  of  the  fat;  there  were  large  areas  of  mature  myelocytes, 
some  zones  of  the  primitive  reticular  cells  and  myeloblasts.  Among  the  red 
cells  were  many  normoblasts.  There  is  an  oblique  line  across  the  section  to  the 
left  of  which  is  a  depleted  zone  from  which  it  is  probable  that  epithelioid  cells 
have  just  disappeared.  There  are  a  few  tubercles  in  the  marrow,  none  showing 
in  this  photograph.  To  the  right  of  the  oblique  line  is  an  area  in  which  the 


^  Sabin  and  Doan  (3),  Fig.  5. 
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myelocytes  predominate  over  the  clumps  of  nucleated  red  cells  as  in  normal 
bone  marrow;  the  area  is,  however,  hyperplastic.  To  the  left  of  the  oblique  line 
the  marrow  is  still  considerably  depleted  and  there  are  patches  of  younger  myelo¬ 
cytes,  Types  A  and  B.  In  both  R  20  and  R  12  the  tuberculosis  of  the  lung  was 
in  the  form  of  tubercles  rather  than  the  diffuse  reaction.  The  spleen  of  the  animal 
from  which  Chart  8  was  taken  was  still  enlarged;  the  one  corresponding  to  Chart 
10  was  of  normal  size  and  contained  only  a  small  amount  of  tubercular  tissue. 

The  last  animal  of  the  second  group  to  be  illustrated  is  shown  on  Chart  11 
(R  68),  with  the  corresponding  bone  marrow  in  Fig.  3.  In  this  animal  it  is 
very  clear  that  the  hemoglobin  started  to  rise  before  the  red  cells  themselves. 
At  the  time  of  death,  which  was  59  days  after  infection,  the  red  cells  were  back  to 
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the  original  level,  while  the  neutrophilic  leucocytes  were  varying  around  6000  in 
contrast  to  the  original  base  line  of  3000.  It  will  be  noted  that  after  the  marked 
rise  of  monocytes  in  the  3rd  week,  they  remained  high  and  the  lymphocytes 
dropped,  indicating  low  resistance,  and  at  autopsy  both  lungs  were  riddled  with 
tubercles,  with  large  areas  of  caseation  and  cavitation.  The  spleen  was  of 
normal  size;  there  were  caseous  tubercles  in  the  kidneys.  On  the  chart  has 
been  added  the  line  of  the  desquamated  endothelial  cells,  or  clasmatocytes.  It 
will  be  noted  that  on  April  12  the  clasmatocytes  rose  together  with  the  character¬ 
istic  increase  in  monocytes  of  the  3rd  week  of  the  disease  and  then  gradually  fell 
to  normal  numbers.  This  period  of  the  first  great  rise  in  monocytes  after  massive 
infection  coincides  with  the  period  of  the  extreme  diffuse  lesions  in  the  lung  and 
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with  the  acute  splenic  tumor.  At  that  time  there  is  always  the  rise  both  in 
monocytes  and  clasmatocytes,  together  with  degenerating  types  that  cannot  be 
analyzed  and  much  cellular  debris  in  the  peripheral  blood.  This  is  the  period  of 
the  anemia  and  the  supravital  films  of  the  blood  always  show  increased  frag¬ 
mentation  of  the  red  cells  even  when  the  preparation  is  looked  at  immediately 
and  when  the  temperature  of  the  warm  box  is  carefully  regulated  so  that  it  does 
not  exceed  37°  (14).  Beside  the  free  fragments  of  the  red  cells  in  the  films  of 
blood,  we  frequently  find  some  of  the  clasmatocytes  of  the  blood  stream  filled 
with  them.  Films  of  the  lungs  and  spleen  at  this  stage  always  contain  clasmato- 
cytes'jilled  with  fragments  of  red  cells,  the  possible  stimulus  to  their  increase. 
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The  bone  marrow  of  this  animal  (R  68),  as  will  be  seen  in  Fig.  3,  is  hyper¬ 
plastic.  In  the  center  of  the  photograph  is  a  small  tubercle;  the  rest  of  the  section 
shows  the  gray  masses  of  myelocytes,  many  of  which  are  still  of  the  younger 
Types  A  and  B,  and  the  normal  proportion  of  groups  of  erythroblastic  cells. 
The  interesting  point  in  this  second  group  of  animals  is  the  universal  tendency 
to  a  spontaneous  healing  of  the  bone  marrow  of  rabbits,  irrespective  of  the 
eventual  fatal  progress  of  the  disease  in  the  animal  body  elsewhere. 

When  the  rabbits  survive  beyond  the  2nd  month  into  the  more  chronic  phase 
of  the  disease,  the  bone  marrow  passes  through  the  hyperplastic  state  to  the 
normal.  This  phase  is  illustrated  in  Chart  12  (R  11),  and  Fig.  8  (R  11),  Fig.  9 
(R  97)  and  Fig.  10  (R  95).  On  Chart  12  is  shown  a  typical  picture  of  the  periph¬ 
eral  blood  in  a  rabbit  of  good  resistance;  the  animal  was  killed  110  days  after 
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inoculation  while  still  in  good  condition.  In  regard  to  the  indications  on  the 
chart  of  the  general  tubercular  infection,  there  was  the  usual  sharp  rise  in  mono¬ 
cytes  on  the  2nd  day  after  infection;  the  monocytes  then  fell  to  normal  imtil 
the  1st  of  December  when  there  was  the  characteristic  rise  of  the  3rd  week. 
From  the  6th  to  the  16th  of  December,  the  period  of  greatest  leucopenia,  it  will 
be  noted  that  the  monocytes  were  again  normal  and  the  ratio  of  monocytes  to 
lymphocytes  was  entirely  normal;  this  is  the  period  of  recovery  from  the  first 
extreme  reaction  of  the  lungs.  Then  follows  the  record  of  a  slowly  progressing 
tuberculosis  of  the  lungs  in  the  gradually  rising  monocytic  curve.  At  autopsy 
the  left  lung  was  largely  air-containing;  the  right  was  riddled  with  tubercles,  and 
in  sections  it  appeared  that  the  center  of  each  tubercle  was  filled  with  leucocytes 
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Chart  12. 

instead  of  showing  the  usual  caseation.  The  liver  and  spleen  did  not  show 
any  tubercles;  there  was  some  myeloid  reaction  in  the  spleen.  The  mesenteric 
lymph  glands  were  loaded  with  clasmatocytes  filled  with  brown  pigment  but  no 
tubercles  were  found.  In  the  bone  marrow  no  tubercles  were  found  in  sections 
and  no  epithelioid  cells  in  the  fresh  films. 

As  a  record  of  the  functional  activity  of  the  bone  marrow,  it  will  be  seen  on  the 
chart  that  following  the  period  of  the  anemia  and  fall  of  the  leucocytes,  the 
marrow  recovered  its  hemopoietic  activity  and  passed  into  a  stage  of  hyper¬ 
activity  which  was  still  present  when  the  animal  was  killed.  The  lowest  line  of 
the  chart  represents  the  basophilic  leucocytes  and  shows  that  though  they  do 
not  disappear  as  do  the  eosinophils  during  the  period  of  the  leucopenia,  they,  with 
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the  eosinophik,  increase  during  the  general  hyperplasia  of  the  marrow.  In  the 
section  of  the  marrow,  Fig.  8,  it  will  be  noted  that  there  is  a  return  of  the  fat 
celk,  though  not  yet  to  their  normal  numbers.  No  tubercles  were  found  in  the 
sections;  the  marrow  is  hyperplastic  in  still  more  marked  grade  than  was  shown 
in  Fig.  3.  There  are  vast  gray  areas  of  myelocytes,  largely  of  C  with  many 
metamyelocytes.  Among  the  red  cells  the  predominating  type  was  the  late 
erythroblast  with  normoblasts.  The  final  stage  of  the  disease  as  far  as  the 
bone  marrow  is  concerned  involves  the  complete  return  to  the  normal  structure 
with  a  normal  supply  of  cells  to  the  peripheral  blood. 

The  marrow  of  Fig.  9  is  from  a  rabbit  that  lived  135  days  and  of  Fig.  10  from 
an  animal  that  lived  153  days.  In  both  animals  the  findings  in  September  after 
the  summer  interval  showed  that  the  marrow  was  giving  a  normal  output  of  red 
cells  and  granulocytes  to  the  blood.  The  rabbit  (R  97),  from  which  the  mar¬ 
row  of  Fig.  9  was  taken,  had  4,970,000  red  celk  and  a  hemoglobin  of  61  per  cent. 
The  white  cells  were  11,500,  of  which  the  neutrophils  were  55  per  cent,  the  lympho¬ 
cytes  16  per  cent  and  the  monocytes  29  per  cent.  The  reversal  of  ratio  of  mono¬ 
cytes  and  lymphocytes  is  the  striking  feature.  The  animal  was  gaining  in 
weight.  The  autopsy  showed  restricted  tuberculosis  of  the  lungs  but  well 
marked  active  renal  lesions.  In  all  the  sections  of  the  bone  marrow  we  found 
only  one  tubercle,  which  is  shown  in  Fig.  9;  all  the  rest  of  the  marrow  was  en¬ 
tirely  normal  in  appearance.  However,  in  the  Ziehl-Neelsen  stain  the  clasmato- 
cytes  showed  the  same  acid-fast  fragments,  though  in  decreased  numbers,  as 
have  been  described  for  the  early  stage. 

The  rabbit  from  which  the  marrow  of  Fig.  10  was  taken  also  showed  a  normal 
output  of  'cells  from  the  bone  marrow.  The  red  cells  were  approximately 
6,000,000,  the  hemoglobin  57  per  cent;  the  neutrophilic  leucocytes  47  to  57  per 
cent;  the  lymphocytes  9  to  15  per  cent  and  the  monocytes  25  to  30  per  cent,  again 
a  striking  reversal  of  lymphocytes  and  monocytes.  The  animal  was  killed  on 
account  of  marked  tuberculosis  of  the  eyes.  The  bone  marrow  appeared  en¬ 
tirely  normal  in  the  gross  and  supravital  studies,  and  the  sections  confirmed  this. 
In  this  marrow  there  were  still  a  few  clasmatocytes  along  the  vessels  containing 
acid-fast  granules. 


SUMMARY. 

In  this  series  of  rabbits  it  was  found  that  the  rabbits  dying  during 
the  1st  month  after  an  injection  of  1  or  2  mg.  of  bovine  tubercle  bacilli 
show  the  same  conditions:  extreme  tuberculosis  of  the  lungs,  acute 
splenic  tumor  with  tuberculosis,  involvement  of  the  lymph  glands,  an 
occasional  small  tubercle  in  the  liver  and  extensive  tuberculosis  of  the 
bone  marrow.  The  peripheral  blood  has  shown  a  sharp  fall  in  the 
platelet  count,  an  anemia  and  a  fall  in  the  granulocytic  strain  of  white 
cells,  and  these  changes  have  been  correlated  with  the  condition  of  the 
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bone  marrow.  There  has  also  been  a  rise  in  monocytes  and  a  fall  in 
lymphocytes,  to  a  reversal  of  the  normal  ratio. 

When  the  rabbits  have  survived  the  first  acute  phase  of  the  disease 
longer  than  3  to  4  weeks,  there  have  been  signs  in  the  peripheral  blood 
of  a  recovery  of  the  bone  marrow;  the  first  indication  of  this  has  been 
an  increase  in  platelets,  then  a  rise  in  hemoglobin  followed  in  1  or  2 
days  by  a  rise  in  red  cells  and  later  a  return  of  the  three  strains  of 
granulocytes.  The  bone  marrow  has  shown  a  rapid  spontaneous 
disintegration  of  the  epithelioid  cells  correlated  with  the  appearance 
of  increased  evidence  of  acid-fast  debris  in  clasmatocytes,  especially 
clear  in  those  that  lie  along  the  vessels. 

The  animals  that  have  survived  into  the  3rd  month  have  all  shown 
a  hyperplastic  phase  of  the  healing  marrow,  both  the  red  cells  and  all 
types  of  the  granulocytes  appearing  in  the  peripheral  blood  in  numbers 
above  the  normal.  The  epithelioid  cells  originally  containing  many 
bacilli  all  disappear  from  the  marrow  and  the  only  sign  left,  possibly 
suggestive  of  the  tuberculosis,  is  the  acid-fast  granules  in  the  clasmato¬ 
cytes.  Finally,  the  marrow  becomes  entirely  normal,  giving  the 
normal  number  of  red  cells  and  granulocytes  to  the  blood.  Thus,  bone 
marrow  in  the  rabbit  has  become  involved  in  every  instance  with  the 
injection  of  massive  doses  of  viable  bacilli.  The  findings  at  autopsy 
in  those  animals  followed  during  the  early  reaction  to  infection  confirm 
this  directly  and,  since  the  curves  of  the  cells  in  the  peripheral  blood 
of  the  more  chronic  animals  were  the  same  during  the  early  stages  of 
the  disease  as  in  those  that  died,  the  same  conclusion  seems  justified 
from  indirect  inference  for  them.  The  method  of  healing  has  been 
a  rapid  disintegration  of  the  epithelioid  cells  without  caseation.  The 
bone  marrow  heals  itself  entirely  regardless  of  the  progress  of  the 
disease  elsewhere,  so  that  one  sees  the  remarkable  condition  of  an 
animal  recovering  from  the  anemia  and  leucopenia  while 'dying  of 
tuberculosis  elsewhere.  The  spleen  also  shows  a  tendency  toward 
spontaneous  healing.  In  the  animals  that  have  lived  beyond  100 
days  there  has  been  some  gradual  lessening  of  the  diffuse  distribution 
and  extent  of  pulmonary  lesions  with  the  development  of  cavitation 
together  with  a  marked  involvement  of  the  kidneys  and  lesions  in  the 
eyes. 
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CONCLUSIONS. 

1.  With  massive  intravenous  injections  (1  to  2  mg.)  of  bovine  tuber¬ 
cle  bacilli  in  rabbits  there  is  a  marked  involvement  of  the  bone  marrow 
in  the  early  acute  phase.  This  reaction  is  initiated  on  the  8th  to  10th 
days  by  the  development  of  large  numbers  of  young  monocytes  in  situ. 

2.  From  the  12  th  to  the  20th  day,  approximately,  there  is  an  increas¬ 
ing  development  in  bone  marrow  of  typical  tubercular  tissue,  epithe¬ 
lioid  cells  and  giant  cells  of  the  Langhans  type,  many  showing  tubercle 
bacilli.  This  new  growth  eliminates  the  normal  fat  cells  and  en¬ 
croaches  upon  and  depresses  the  hemopoietic  foci. 

3.  The  bone  marrow  always  tends  toward  spontaneous  healing 
provided  the  animals  survive  the  first  acute  reaction  sufiiciently  long. 

4.  The  method  of  hea*ling  involves  a  rapid  disintegration  of  the 
epithelioid  cells  without  caseation  and  the  phagocytosis  of  debris  by 
the  clasmatocytes. 

5.  The  extent  and  progress  of  the  tuberculosis  of  the  marrow  are 
accurately  reflected  in  the  peripheral  blood  by  a  decrease  of  platelets, 
an  anemia  and  a  fall  in  the  granulocytic  leucocytes. 

6.  The  onset  of  the  recovery  is  initiated  by  the  return  of  the  plate¬ 
lets  to  normal,  by  a  rise  in  hemoglobin,  followed  quickly  by  a  rise  in 
red  cells,  and  by  a  more  gradual  increase  in  the  granulocytes. 

7.  During  the  3rd  month,  and  after,  there  is  a  hyperplasia  of  the 
blood-forming  elements  in  the  bone  marrow  with  a  rise  in  the  pe¬ 
ripheral  blood  of  the  red  cells,  hemoglobin  and  the  granulocytes 
above  their  original  levels. 

8.  The  bone  marrow'  becomes  entirely  normal  when  the  animal  sur¬ 
vives  beyond  100  days,  regardless  of  a  steadily  progressing,  extensive 
tuberculosis  elsewhere. 

9.  The  varying  length  of  survival  in  this  series  of  rabbits  imder 
uniform  environmental  conditions,  and  infected  with  the  same  dosage 
of  the  same  strain  of  organism,  tends  to  emphasize  the  importance  of 
the  factor  of  individual  resistance  of  the  host  in  susceptibility  to 
infectious  disease. 
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EXPLANATION  OF  PLATES. 

Plate  8. 

Fig.  1.  R  19,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  18  days. 
Bone  marrow  showing  extensive,  diffuse  tuberculosis.  Note  absence  of  normal 
content  of  fat  and  myeloid  depression. 

Fig.  2.  R  12,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  44  days. 
Bone  marrow  with  returning  fat  cells  after  regression  of  the  local  tubercular 
process,  with  hemopoietic  hyperplasia. 

Fig.  3.  R  68,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  59  days. 
Bone  marrow  showing  one  remaining  tubercle,  without  surrounding  cellular 
reaction;  marked  hyperplasia  of  myeloid  and  erythroid  foci  and  beginning  re¬ 
appearance  of  fat  cells. 

Plate  9. 

Fig.  4.  R  80,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  20  days. 
Bone  marrow  with  absence  of  fat  cells  and  depression  of  hemopoiesis  by  in¬ 
vading  tubercular  tissue. 

Fig.  5.  R  80,  hematoxylin  and  eosin,  X  about  875.  Detail  of  Fig.  4.  Begin¬ 
ning  regression  of  the  tubercular  invasion,  showing  partition  of  chromatin  in 
disintegrating  nuclei  and  vacuolated  cytoplasm  of  the  epithelioid  cells. 

Fig.  6.  R  71,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  31  days. 
Bone  marrow  with  local  regression  of  the  epithelioid  cells  showing  open  areas  of  re¬ 
generating  red  cells  and  returning  fat  even  in  the  midst  of  intact  tubercular  areas. 

Fig.  7.  R  71,  hematoxylin  and  eosin,  X  about  260.  Detail  of  open  area  in 
Fig.  6,  showing  intravascular  limitation  of  developing  erythroblasts,  a  non- 
cellular  matrix  marking  the  former  site  of  invasion  of  the  epithelioid  cells. 

Plate  10. 

Fig.  8.  R  11,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  110  days. 
Bone  marrow  hyperplasia  of  blood-forming  elements,  no  evidence  of  tuberculosis 
remaining  locally. 

Fig.  9.  R  97,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  135  days. 
One  tubercle  with  lymphoid  focus  in  otherwise  essentially  normal  bone  marrow. 

Fig.  10.  R  95,  hematoxylin  and  eosin,  X  about  120.  Length  of  life  153  days. 
Return  of  bone  marrow  to  normal. 
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STUDIES  ON  IMMUNITY  TO  PNEUMOCOCCUS  MUCOSUS 

(TYPE  III). 

III.  Increased  Resistance  to  Type  III  Infection  Induced  in 
Rabbits  by  Immunization  with  R  and  S  Forms 
OF  Pneumococcus. 

By  william  S.  TILLETT,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  May  26,  1927.) 

In  two  preceding  papers  (1,  2)  certain  phenomena  concerning  the 
antigenicity  and  infectivity  of  Type  III  pneumococci  in  rabbits  were 
described.  The  results  of  these  experiments  may  be  stimmarized  as 
follows:  Immunization  of  rabbits  with  Pneumococcus  Type  III  (1) 
fails,  in  the  great  majority  of  instances,  to  stimulate  the  production  of 
type-specific  antibodies,  but  is  always  effective  in  eliciting  antibodies 
reactive  with  pneumococcus  nucleoprotein  and  R  strains  derived  from 
all  types  of  pneumococci.  These  results  were  interpreted  as  indicating 
that  normal  rabbits  possess  some  mechanism  whereby,  following  the 
introduction  of  T)T)e  III  organisms  into  the  animal  body,  the  anti¬ 
genic  complex  of  the  bacterial  cell  is  so  altered  that  the  type-specific 
component  is  rendered  ineffective  as  antigen.  Since  Avery  and 
Heidelberger  (3)  have  shown  that  type  specificity  resides  in  the 
soluble  specific  substance  which  is  predominantly  present  in  the 
capsule,  it  appears  that  this  altered  antigenicity  is  the  result  of  an 
injury  inflicted  upon  the  capsular  substance  of  the  cell.  Further 
evidence  in  support  of  this  view  lies  in  the  fact  that  Pneumococcus 
Type  III  possesses  low  pathogenicity  for  rabbits.  Ten  out  of  eleven 
strains  of  this  organism,  although  highly  pathogenic  for  white  mice 
and  possessed  of  large  mucoid  capsules  (S  forms),  were  found  to  be 
avirulent  for  rabbits  in  doses  of  2  to  5  cc.  and  sometimes  10  cc.  (2). 
Since  encapsulation  and  virulence  are  generally  considered  as  being 
intimately  associated,  it  seems  possible  that  the  m.ethod,  whereby 


343 


344  IMMUNITY  TO  PNEUMOCOCCUS  MUCOSUS  (tYPE  III).  Ill 

rabbits  resist  Type  III  infection,  rests  on  the  same  mechanism  which 
is  responsible  for  the  destruction  of  the  type-specific  antigenicity  of 
the  cell  and  that  by  virtue  of  the  injury  inflicted  on  the  capsule  of  the 
living  organism,  virulence  is  impaired.  These  results  expressed  in 
terms  of  the  host  imply  that  rabbits  possess  a  considerable  degree  of 
natural  resistance  to  Type  III  infection.  However,  to  attribute 
resistance  to  natural  immunity  is  merely  restating  the  problem  and 
leaves  unexplained  the  mechanism  in  the  body  on  which  it  depends. 
In  the  recovery  of  normal  rabbits  from  Type  III  infection  the  evidence 
indicates  that  in  this  instance,  the  factors  underlying  resistance  are 
primarily  operative  against  the  capsular  component  of  the  cell. 

The  results  previously  referred  to  have  concerned  the  reaction  of 
normal  rabbits.  The  experiments  reported  in  this  communication 
deal  with  immunized  rabbits,  and  the  purpose  has  been  to  determine 
the  presence  of  active  immunity  against  Type  III  infection  following 
immunization  not  only  with  homologous  organisms  but  also  with 
heterologous  strains,  both  S  and  R  forms,  and  with  solutions  of 
pneumococci.  Others  (7,  8)  have  reported  that  rabbits  immunized 
with  Pneumococcus  Type  III  are  actively  immune  against  infection 
with  homologous  organisms  even  though  specific  agglutinins  are  not 
demonstrable.  These  results  minimize  the  role  which  specific  anti¬ 
bodies  play  in  active  resistance  in  the  case  of  Type  III  infection,  and 
Singer  and  Adler  (8)  have  offered  an  explanation  of  this  phenomenon 
to  which  subsequent  reference  will  be  made.  It  seemed  of  significance 
to  determine  if  any  demonstrable  antibody  participated  in  this  active 
immunity;  consequently  the  sera  of  all  the  experimental  apimals  have 
been  tested  for  both  type-specific  (anti-S),  and  species-specific  (anti- 
P),  antibodies  and  the  results  correlated  with  the  presence  or  absence 
of  effective  resistance. 

Testing  for  the  presence  of  active  immunity  necessitates  the  use  of 
virulent  organisms.  Although  most  of  the  Type  III  strains  have 
been  found  to  possess  low  initial  virulence  for  normal  rabbits,  one 
strain  was  made  highly  pathogenic  by  rapid  animal  passage.  Conse¬ 
quently  this  rabbit  virulent  strain  afforded  a  means  of  testing  for 
increased  resistance.  Its  virulence  was  maintained  so  that  .001  cc. 
always  proved  fatal  and,  in  most  of  the  experiments,  .0001  cc.  caused 
death.  Since  a  standard  dose  of  1  cc.  of  culture  was  always  injected. 
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each  animal  may  be  considered  as  receiving  usually  10,000  and  always 
1000  lethal  doses. 


Methods. 

Antigens. — Heat-killed  cultures,  regardless  of  the  type  or  strain  employed  in 
immunization,  were,  in  each  instance,  made  by  the  same  method.  12  to  14  hour 
plain  broth  cultures,  killed  by  heating  at  56°  for  J  hour,  were  centrifuged  and 
resuspended  in  physiological  salt  solution  in  such  quantities  that  0.5  cc.  of  the 
vaccine  was  equivalent  to  1  cc.  of  original  culture. 

The  pneumococcus  solutions  used  for  immunization  were  made  by  two  different 
methods.  One  solution  consisted  of  nucleoprotein  derived  from  Type  II  pneumo¬ 
coccus  according  to  the  method  described  by  Avery  and  Morgan  (4).  The  other 
solution  was  made  as  follows :  6  liters  of  R2  culture  (derived  from  Type  11  pneumo¬ 
coccus)  were  centrifuged  and  the  bacteria  resuspended  in  100  cc.  of  physiological 
salt  solution.  0.3  cc.  of  10  per  cent  sodium  desoxycholate  was  added,  and  the 
mixture  incubated  at  37.5°C.  for  2  hours.  At  the  end  of  this  time  stained  films 
of  the  fluid  showed  a  complete  dissolution  of  all  formed  cells.  The  solution  was 
then  centrifuged  at  high  speed  to  remove  detritus,  and  the  supernatant  fluid 
filtered  through  a  Berkefeld  V  filter.  The  bacteria-free  filtrate  was  used  for 
immunization. 

Methods  of  Immunization. — ^All  rabbits  receiving  heat-killed  organisms  were 
immunized  according  to  the  method  described  by  Cole  and  Moore  (5),  which 
consists  in  alternating  for  6  weeks,  a  week  of  daily  injections  of  0.5  cc.  of  vaccine 
followed  by  a  week  of  rest. 

Rabbits  injected  with  pneumococcus  solutions  received  0.5  cc.  intravenously 
each  day  for  the  1st  week  and  during  the  2  other  alternate  weeks  of  injection  re¬ 
ceived  1  cc.  daUy. 

All  animals  were  bled  8  to  10  days  after  the  last  injection  and  the  antibody 
content  of  the  sera  determined. 

Method  of  Testing  Active  Immunity.— As,  previously  stated,  a  standard  dose  of 
1  cc.  of  culture  of  the  rabbit  virulent  strain  of  Type  III  was  intravenously  in¬ 
jected  in  each  test  animal.  .0001  cc.  of  this  culture  was  usually  fatal  and  .001  cc. 
always  killed  normal  rabbits. 

For  purposes  of  following  the  course  of  the  blood  infection  in  both  immunized 
animals  and  normal  controls,  blood  cultures  were  taken  at  frequent  intervals 
according  to  the  method  previously  used  (2).  4  to  6  rabbits  in  addition  to  1  or  2 
controls  were  tested  simultaneously. 

Most  of  the  animals  which  died  were  examined  post  mortem  with  special  refer¬ 
ence  to  gross  pathological  changes  in  the  serous  cavities. 

Altogether,  44  rabbits  have  been  tested  for  the  presence  of  active 
immunity  against  infection  with  a  rabbit  virulent  strain  of  Pneumo- 
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COCCUS  Type  III.  In  addition  to  animals  which,  by  surviving,  demon¬ 
strated  a  solid  immunity,  others  were  considered  as  partially  immune, 
which,  although  ultimately  succmnbing,  showed  evidence  of  increased 
resistance  by  reason  of  the  duration  of  life,  the  character  of  the  bactere¬ 
mia  as  contrasted  with  controls,  and  the  presence  of  localized  infection 
found  post  mortem.  A  more  detailed  consideration  of  these  factors 
will  be  given  in  the  analysis  of  the  results. 

The  experimental  animals,  depending  upon  the  pneumococcus 
material  used  for  immunization,  may  be  grouped  as  follows : 

I.  Rabbits  immunized  with  Pneumococcus,  Type  III. 

II.  Rabbits  immunized  with  Pneumococcus,  Type  I  or  II. 

III.  Rabbits  immunized  with  Pneumococcus,  R  strains. 

IV.  Rabbits  immunized  with  solutions  of  Pneumococcus. 

Group  I.  Rabbits  Immunized  with  Type  III  Pneumococcus. 

Twelve  rabbits  belong  to  this  group.  They  were  chosen  from  the 
28  rabbits  used  in  the  immunization  experiments  previously  reported 
(1).  The  strain  of  Type  III  used  for  immunization  of  these  animals, 
although  encapsulated,  type-specific,  and  highly  pathogenic  for  mice, 
was  avirulent  for  rabbits  in  doses  of  5  cc.  3  of  the  12  possessed  type- 
specific  agglutinins  in  low  titre  (2  of  the  sera  were  not  reactive  beyond 
1:2  dilution  and  the  other  was  not  reactive  beyond  1:20  dilution). 
The  sera  of  the  other  9  contained  no  demonstrable  type-specific 
antibodies.  The  sera  of  all  the  animals  possessed  antiprotein  anti¬ 
bodies,  and  agglutinated  R  strains  in  1:160  or  1:320  dilutions  of 
serum. 

Of  the  3  rabbits  whose  sera  possessed  demonstrable  type-specific 
antibodies,  1  survived,  1  lived  7  days  and  showed  evidence  of  increased 
resistance,  1  died  simultaneously  with  the  control.  Of  the  other  9 
rabbits,  5  survived,  3  lived  11,  16,  and  22  days  respectively  showing 
evidence  of  increased  resistance,  1  died  with  the  control. 

In  summary,  it  may  be  seen  that  of  the  12  rabbits  immunized  with 
Type  III  pneumococcus,  6  survived,  4  showed  evidence  of  increased 
resistance,  and  2  died  at  the  same  time  as  the  controls.  These  results 
expressed  in  percentage  are:  50  per  cent  survived  and,  by  including 
the  partially  immune,  83  per  cent  showed  definite  evidence  of  in¬ 
creased  resistance. 
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Group  II.  Rabbits  Immunized  with  Type  I  or  Type  II  Pneumococci. 

Fifteen  rabbits  belong  to  this  group;  10  were  immunized  with  Type 
II,  5  with  Type  I,  and  all  were  subsequently  infected  with  Type  III. 
The  sera  of  these  animals  contained  homologous  type-specific  agglu¬ 
tinins  to  the  usual  degree  and  also  antiprotein  antibodies  agglutinating 
R  pneumococci  to  approximately  1:160  dilution  of  serum.  Of  the 
10  rabbits  immunized  with  T3q)e  II,  7  survived,  2  living  6  and  7  days 
respectively,  were  considered  as  possessing  some  immunity,  1  was 
unprotected.  Of  the  5  rabbits  immunized  with  Type  I,  4  survived 
and  1  was  unprotected.  The  results  obtained  with  rabbits  immunized 
with  heterologous  type-specific  pneumococci  may  be  summarized  as 
follows:  11  survived  infection  with  Type  III,  and  2  showed  evidence 
of  increased  resistance.  Expressed  in  percentage,  73  per  cent  sur¬ 
vived  and  a  total  of  86  per  cent  showed  evidence  of  active  immunity. 

Group  III.  Rabbits  Immunized  with  R  Forms  of  Pneumococci. 

Eleven  rabbits  belong  to  this  group.  5  were  immunized  with  an 
R  strain  derived  from  Type  I  pneumococcus  (designated  Ri) ;  5  with 
an  R  strain  derived  from  Type  II  (designated  R2) ;  1  with  an  R  strain 
derived  from  Type  III  (designated  R3).  The  sera  of  these  rabbits 
contained  no  type-specific  antibodies,  but  only  antiprotein  antibodies 
reactive  with  R  strains  in  dilutions  of  1:160  to  1:320.  Of  the  5 
rabbits  immunized  \vith  Ri,  3  survived,  1  lived  6  days  with  evidence  of 
resistance,  and  1,  living  4  days,  was  classified  as  not  being  immune. 
Of  the  5  immunized  with  Rj,  4  survived,  and  1  lived  5  days  with  evi¬ 
dence  of  resistance.  The  1  animal  immunized  with  R3  survived. 
The  results  with  the  rabbits  immunized  with  non-type-specific,  non- 
encapsulated  R  strains  show  that  8  survived,  2  showed  evidence  of 
increased  resistance,  and  1  was  not  considered  as  immune.  Ex¬ 
pressed  in  percentage,  72  per  cent  survived  and  a  total  of  90  per  cent 
showed  evidence  of  increased  resistance. 

Group  IV.  Rabbits  Immunized  with  Solutions  of  Pneumococci. 

Six  rabbits  belong  to  this  group.  The  sera  of  these  animals  con¬ 
tained  only  antiprotein  antibodies.  The  titre  of  R  agglutinins  ob¬ 
tained  by  immunization  with  purified  nucleoprotein  (Rabbits  24  and 
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25  in  Table  III)  was  1 : 100.  The  antiprotein  antibodies  present  in 
the  sera  of  the  rabbits  immunized  with  desoxycholate  solution  of 
pneumococci  (Rabbits  27,  28,  29,  and  30)  agglutinated  R  organisms 
in  dilutions  of  1:1260.  No  type-specific  antibodies  were  demon¬ 
strable. 

None  of  these  animals  showed  evidence  of  increased  resistance  to 
the  amount  of  culture  with  which  they  were  infected.  Although  1 
lived  3|  days,  blood  cultures  showed  countless  organisms  (»)  in  each 
culture  taken  later  than  18  hours  after  infection.  Table  III  shows 
the  course  of  the  bacteremia  in  this  group  of  animals,  which  is  in 
striking  contrast  to  the  blood  infection  occurring  in  resistant  animals 
(Tables  I  and  II). 

Analysis  of  Results. — The  data  presented  in  the  foregoing  experi¬ 
ments  reveal  the  interesting  fact  that  of  38  rabbits  which  had  been 
previously  immunized  with  pneumococci  25  survived  the  intravenous 
injection  of  living,  virulent  Type  III  organisms  in  amounts  at  least 
a  thousandfold  greater  than  the  dose  invariably  fatal  for  normal 
controls.  A  second  point  of  equal  interest  is  the  fact  that  this  solid 
immunity  against  Type  III  infection  may  be  established  by  prelimi¬ 
nary  treatment  with  cells  of  heterologous  types  and  with  the  degraded 
R  forms  of  pneumococci.  In  other  words,  this  form  of  active 
immunity  is  effective  in  the  complete  absence  of  demonstrable  type- 
specific  antibodies  in  the  serum  of  the  treated  rabbits,  and  appears  to 
be  unrelated  to  the  variety  of  pneumococcus  used  for  immunization. 
In  attempting  to  analyze  the  mechanism  underlying  this  form  of 
effective  but  non-specific  resistance  recourse  was  had  to  the  method 
previously  described  (2)  by  means  of  which  the  course  of  the  infection 
may  be  followed  by  observing  the  intensity  and  duration  of  the  bac¬ 
teremia.  The  course  of  the  bacteremia  in  7  of  the  infected  rabbits  is 
given  in  Table  I.  The  figures  presented  in  the  table  are  typical  and 
representative  of  the  results  obtained  in  the  group  of  animals  surviving 
infection,  regardless  of  the  variety  of  pneumococcus  used  for  immuni¬ 
zation,  and  are  equally  characteristic  of  the  normal  control  group. 
3  of  the  animals  whose  protocols  are  given,  had  been  previously 
immunized  with  a  rabbit  avirulent  strain  of  Type  III,  3  others  had 
been  similarly  treated  with  R  cells  derived  from  heterologous  types, 
and  the  remaining  rabbit  had  been  immunized  with  Pneumococcus 
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Type  II.  For  purposes  of  comparison  the  course  of  the  bacteremia 
during  the  fatal  infection  of  2  normal  control  rabbits  is  included  in 
the  same  protocol.  The  rapidly  fatal  septicemia  in  the  non-immune 
animals  with  progressively  increasing  and  overwhelming  numbers  of 
organisms  constantly  in  the  blood  is  in  striking  contrast  to  the  mild, 

TABLE  I. 

Course  of  Bacteremia  in  Immunised  Rabbits  Surviving  Infection  with 
Rabbit  Virulent  Strain  of  Pneumococcus  Type  III. 

(The  results  given  in  this  protocol  are  representative  of  25  rabbits  which  sur¬ 
vived.) 


Rabbit  No . 

1 

2 

3 

4 

s 

6 

7 

8 

9 

Pneumococcus  used  for 

Normal 

Normal 

Type 

Type 

Type 

Type 

Ri 

Ri 

R> 

immunization 

control 

control 

III 

in 

III 

n 

strain 

strain 

strain 

Time  of  culture 

No.  of  colonies  per  unit  of  blood 

15  min. 

00 

00 

49 

660 

164 

261 

3200 

620 

119 

2  hrs. 

107 

00 

1 

2 

0 

12 

22 

0 

37 

5  “ 

393 

00 

0 

0 

3 

S 

6 

1 

20 

12  “ 

562 

00 

0 

6 

0 

9 

12 

8 

24  “ 

00 

D 

0 

18 

0 

38 

18 

3 

216 

36  “ 

00 

0 

0 

4 

72 

6 

10 

12 

48  “ 

D 

0 

0 

23 

4 

5 

176 

32 

72  “ 

0 

0 

14 

0 

5 

14 

4 

4  days 

0 

0 

30 

29 

3 

342 

35 

5  “ 

s 

s 

7 

14 

IS 

66 

5 

6  “ 

4 

6 

1 

8 

6 

7  “ 

7 

2 

0 

6 

0 

8  “ 

2 

3 

6 

4 

0 

9  “ 

4 

0 

0 

2 

0 

10  “ 

1 

0 

0 

0 

0 

11  “ 

0 

0 

0 

0 

0 

s 

S 

s 

s 

S 

S  indicates  survival  of  animal. 
D  indicates  death  of  animal. 


fluctuating,  but  progressively  decreasing  bacteremia  which  charac¬ 
terizes  the  course  of  infection  in  the  immunized  rabbits.  In  many 
instances,  the  blood  infection  in  the  immune  animals  may  persist  for 
several  days,  the  circulating  organisms  varying  in  number  from  time 
to  time  before  ultimately  disappearing.  The  non-fatal  course  of  the 
bacteremia  in  the  treated  animals  following  infection  with  an  S  strain 
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of  Type  IIIj  highly  virulent  for  rabbits,  parallels  very  closely  the 
curve  of  the  benign  bacteremia  (2)  which  occurs  in  normal  rabbits 
infected  with  an  S  culture  of  Type  III,  avirulent  for  this  species.  The 

table  II. 


Course  of  Bacteremia  in  Immunized  Rabbits  Not  Surviving  Infection  with 
Rabbit  Virulent  Strain  of  Pneumococcus  Type  III. 


Rabbit  No . 

m 

1 

12 

13 

14 

IS 

16 

17 

mi 

B 

22 

Pneumococcus  used  for 
immunization 

Normal 

controls 

Type 

III 

Type 

III 

Type 

III 

Type 

III 

Type 

III 

T3ge 

Normal 

controls 

gj 

i 

m 

Time  of  culture 


IS 

min. 

00 

00 

29 

168 

00 

00 

330 

164 

00 

00 

268 

4000 

564 

2 

irs. 

00 

3200 

9 

253 

96 

15 

3 

1 

3000 

00 

4 

28 

3 

5 

if 

00 

00 

2 

406 

13 

22 

3 

0 

00 

00 

3 

5 

5 

12 

i( 

00 

00 

5 

592 

24 

90 

38 

0 

00 

00 

0 

7 

9 

24 

it 

00 

00 

6 

D 

8 

15 

314 

0 

00 

D 

34 

2 

2 

36 

a 

D 

D 

1 

4 

D 

0 

D 

103 

83 

5 

48 

a 

251 

12 

328 

23 

316 

41 

4 

72 

a 

133 

3 

19 

14 

56 

9 

24 

4 

days 

316 

8 

42 

30 

38 

D 

33 

5 

a 

93 

12 

35 

7 

D 

123 

6 

u 

116 

216 

21 

4 

D 

7 

a 

D 

1200 

7 

8 

a 

72 

86 

2 

9 

a 

1500 

4 

10 

u 

D 

10 

1 

11 

u 

4 

0 

12 

u 

2 

13 

u 

1 

14 

u 

20 

6 

15 

u 

32 

16 

ii 

D 

17 

a 

3 

18 

19 

ii 

20 

a 

1 

21 

a 

D 

D  indicates  death  of  animal. 


possible  significance  of  the  similarity  in  the  course  of  the  bacteremia 
in  both  instances  and  its  relation  to  the  mechanism  of  recovery  will 
be  discussed  later. 
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Of  the  38  rabbits  immunized  with  pneumococci — 25  of  which  com¬ 
pletely  recovered  from  virulent  T3^e  III  infection — there  were  13 
animals  which  died.  However,  9  of  these  may  justly  be  considered 
as  having  acquired  a  considerable  though  ineffective  degree  of  immu¬ 
nity  as  a  result  of  the  previous  immunization.  These  animals  lived 
5  to  21  days  following  infection,  whereas  the  controls  all  died  within 
24  to  36  hours.  As  previously  stated,  all  the  experimental  animals 
suffered  a  massive  infection  receiving  1  cc.  of  the  virulent  Type  III 
culture  representing  from  1000  to  10,000  minimal  lethal  doses.  If 
the  test  had  been  made  less  severe  by  giving  smaller  infecting  doses  the 
number  of  surviving  animals  would,  in  all  probability,  have  been 
greater. 

Not  only  the  duration  of  life  but  also  the  degree  of  the  bacteremia 
evidenced  the  presence  of  resistance  in  these  non-surviving  animals. 
In  Table  II  is  given  the  course  of  the  blood  infection  in  9  rabbits  as 
estimated  by  blood  cultures  taken  at  frequent  intervals.  From  the 
table  it  may  be  seen  that  there  is  an  initial  sharp  reduction  in  the 
number  of  circulating  organisms  in  the  resistant  animals  as  contrasted 
with  the  controls,  and  that,  although  death  eventually  ensued,  the 
blood  infection  during  life  ran  a  moderately  low  grade  and  irregular 
course,  not  unlike  that  in  the  surviving  rabbits.  Even  in  2  animals 
(Nos.  13  and  15),  which  died  within  48  hours,  and  not  tabulated  as 
immune,  the  extent  of  the  bacteremia  is  markedly  less  than  in  the 
controls.  The  results  indicate  that  these  partially  resistant  rabbits, 
although  not  possessing  a  solid  immunity,  were  capable  of  checking 
the  infection,  either  by  inhibiting  multiplication  of  the  bacteria  or  by 
actually  destroying  them.  Still  further  evidence  that  the  rabbits,  in 
which  death  was  delayed,  possessed  some  immunity  is  brought  out  by 
the  fact  that  at  autopsy,  of  the  9  examined,  7  suffered  from  purulent 
pericarditis  and  pleuritis,  a  condition  not  found  in  the  normals,  which 
died  of  an  overwhelming  septicemia.  Localization  of  infection  is 
generally  considered  as  evidence  of  partial  immunity  and  this  has  been 
especially  emphasized  by  Stillman  (6)  in  experimental  production  of 
lobar  pneumonia.  It  seems  highly  probable  that  the  local  inflamma¬ 
tory  processes  were  at  least  partially  responsible  for  the  fatal  outcome. 

In  striking  contrast  to  the  effective  resistance  against  Type  III 
infection  acquired  by  rabbits  immunized  with  pneumococcus  cells  is 
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the  absence  of  protection  in  other  animals  immunized  with  solutions 
of  heterologous  pneumococci.  The  course  of  the  infection  in  this 
group  shows  that  they  possessed  no  resistance,  at  least  against  a  dose 
as  great  as  1  cc.  of  virulent  culture.  5  of  the  6  rabbits  died  within  48 
hours  and  1  lived  3^  days.  The  bacteremia  in  these  animals  was  only 
transiently  reduced  or  entirely  unaffected  (Table  III).  Furthermore, 
none  possessed  evidence  of  localization  of  infection  on  gross  post¬ 
mortem  examination.  It  is  a  striking  fact  that  although  these  rabbits 
possessed  circulating  antiprotein  antibodies  (anti-P)  similar  to  the 
rabbits  immunized  with  whole  organisms,  no  increased  resistance  was 


TABLE  III. 

Course  of  Bader emia  in  Rabbits  Immunized  with  Solutions  of  Pneumococci 
and  Injected  with  Rabbit  Virulent  Strain  of  Pneumococcus  Type  III. 


Rabbit  No . 

23 

24  1 

25  1 

26 

27  1 

28  1 

29  1 

30 

Material 

Normal 

Pneumococcus 

Normal 

Desoxycholate  solution  of 

for  immunization 

control 

nucleoprotein 

control 

pneumococcus  (Rr) 

15  min. 

X 

X 

X 

X 

X 

X 

X 

X 

2  hrs. 

X 

X 

X 

X 

175 

X 

115 

X 

5  “ 

714 

X 

X 

X 

426 

X 

217 

X 

12  “ 

X 

X 

X 

X 

X 

X 

382 

X 

24  “ 

X 

D 

X 

X 

D 

X 

X 

36  “ 

D 

D 

X 

X 

D 

48  “ 

X 

D 

72  “ 

X 

96  “ 

D 

D  indicates  death  of  animal. 


apparent.  This  is  strongly  suggestive  that  anti-P  antibodies,  in 
themselves,  are  not  significant  in  this  form  of  active  immunity. 

DISCUSSION. 

The  experiments  reported  in  the  present  paper  demonstrate  that  a 
considerable  degree  of  Increased  resistance  against  virulent  Type  III 
pneumococci  may  be  stimulated  in  rabbits  by  immunization  with 
homologous  or  heterologous  type-specific  S  pneumococci  or  with  R 
forms  derived  from  them.  The  protection  was  equally  effective 
regardless  of  the  type  of  pneumococcal  cells  used  for  immunization 
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(Table  IV).  The  exclusion  of  a  type-specific  immune  reaction  by 
the  use  of  animals  previously  treated  with  heterologous  S  and  R 
strains,  makes  it  necessary  to  investigate  other  factors  which  might 
afford  an  explanation  of  the  active  immunity.  Singer  and  Adler  (8), 
in  dealing  with  this  problem,  concluded  that  the  resistance  of  immu¬ 
nized  rabbits  to  Type  III  was  dependent  upon  changes  {Umstimmung) 
in  reticulo-endothelial  cells  with  which  was  associated  the  ability  to 
phagocyte  the  virulent  organisms.  Interesting  as  their  experiments 
were,  they  were  inconclusive  in  excluding  the  possible  influence  of 
sessile  specific  antibodies.  However,  when  heterologous  S  and  R 

TABLE  IV. 

Summary  of  Results  in  Rabbits  Immunized  with  Homologous  or  Heterologous 
Pneumococci  and  Subsequently  Infected  with  Rabbit  Virulent  Strain  of 
Type  III. 


No.  of 
rabbits 

Immunized  with 

Type 

m 

agglu¬ 

tinins 

R 

agglu¬ 

tinins 

No.  sur¬ 
vived 

No.  re¬ 
sistant 
not 

surviv¬ 

ing 

Total 
No.  re¬ 
sistant 

Per 

cent 

No. 
not  re¬ 
sistant 

Per 

cent 

12 

Type  III 

3-h 

9- 

+ 

6 

4 

10 

83 

2 

17 

15 

f  10  Type  II 
\  5  Type  I 

-1- 

11 

2 

13 

2 

14 

11 

R 

— 

-h 

8 

2 

10 

90 

1 

10 

6 

Pneumococcus 

solutions 

■ 

-P 

0 

0 

0 

0 

6 

100 

pneumococci  afford  protection,  as  the  present  study  indicates,  type- 
specific  immunological  reactions  are  entirely  eliminated.  Wright 
(9)  in  a  recent  publication  has  reported  the  results  of  extensive  studies 
on  pneumococcus  immunity.  Employing  Type  I  pneumococci  he 
was  able  to  demonstrate  active  immunity  in  rabbits  although  demon¬ 
strable  agglutinins  were  not  present  in  the  sera  of  the  immunized 
animals.  However,  under  the  conditions  of  his  experiments,  he  did 
not  obtain  increased  resistance  to  Type  I  by  previous  injection  of 
heterologous  organisms  and  concluded  that  the  reaction  was  type- 
specific. 

Although  the  experiments  reported  in  this  paper  have  been  carried 
out  under  conditions  which  entirely  exclude  type-specific  immunity, 
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nevertheless,  the  favorable  results  obtained  under  such  conditions  in 
no  sense  minimize  the  thoroughly  established  significance  of  type- 
specific  antibodies  in  protection  against  pneumococcus  infection. 
Their  effectiveness  in  sensitizing  virulent  homologous  pneumococci  and 
thereby  making  phagocytosis  possible,  has  been  repeatedly  observed. 

In  seeking  for  an  explanation  of  the  form  of  non-specific  immunity 
against  Type  III  infection  on  the  basis  of  circulating  antibodies  it  may 
be  noted  that  the  sera  of  all  the  immune  animals  possessed  antiprotein 
(anti-P)  antibodies.  Antibodies  of  this  character  are  reactive  with 
the  common  pneumococcus  nucleoprotein  (precipitin)  and  with  all  R 
strains  (agglutinin).  They  are  not,  however,  reactive  with  encapsu¬ 
lated  type-specific  organisms  nor  do  they  confer  passive  protection 
on  mice  against  virulent  pneumococci.  Consequently  it  is  highly 
improbable  that  they  are  responsible  for  the  disposition  of  pathogenic 
Type  III  organisms.  More  direct  evidence  of  the  ineffectiveness  of 
these  antibodies  in  resistance  is  brought  out  by  the  fact  that  immuni¬ 
zation  with  pneumococcus  solutions  (derived  from  heterologous 
organisms)  fails  to  afford  protection  although  the  sera  of  rabbits  so 
treated  possess  anti-P  antibodies  in  high  titre.  The  one  factor  which 
all  the  resistant  animals  had  in  common  was  immunization  with 
formed  pneumococcal  cells.  The  nature  of  the  material  used  as 
antigen  rather  than  the  demonstrable  antibody  response,  therefore, 
seems  to  be  the  significant  feature  in  stimulating  this  form  of  active 
immunity. 

Since  type-specific  antibodies  have  been  excluded,  and  since  the 
presence  of  species  antibodies  (anti-P)  does  not  furnish  an  adequate 
explanation  for  the  resistance  to  Type  III,  it  is  necessary  to  seek 
further  for  an  understanding  of  this  form  of  immunity.  In  a  previous 
paper  (2)  it  was  shown  that  rabbits  possess  a  considerable  degree  of 
natural  resistance  to  Pneumococcus  Type  III,  although  the  strains 
used  for  injection  were  S  forms  and  highly  pathogenic  for  mice.  It 
was  also  shown  that  the  blood  infection  resulting  from  the  injection  of 
these  rabbit  avirulent  organisms  into  normal  animals  is  characterized 
by  a  prolonged  course  during  which  the  number  of  circulating  bacteria 
vary  from  time  to  time  but  eventually  disappear.  In  the  present 
paper  it  is  shown  that  the  bacteremia  occurring  in  an  immune  rabbit 
injected  with  a  rabbit  virulent  strain  runs  a  strikingly  similar  course. 
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Consequently  it  seems  possible  that  the  explanation  of  acquired  re¬ 
sistance,  in  this  instance,  is  due  not  to  antibodies  which  have  been 
elicited,  but  to  an  increased  effectiveness  of  the  mechanism  of  natural 
resistance.  Wright  (9)  in  his  recent  publication  has  offered  a  similar 
explanation  for  the  active  immunity  which  he  obtained  and  he  con¬ 
sidered  the  difference  between  normal  and  immune  rabbits  to  be 
quantitative  and  not  qualitative.  However,  the  emphasis  which  he 
places  upon  specificity  makes  it  necessary  to  assume  that  normal 
rabbits  possess  type-specific  protective  susbtances,  a  conception  which 
Sia  (10)  previously  suggested  and  more  recently  (11)  has  further  em¬ 
phasized.  The  experiments  reported  in  this  paper  reveal  the  fact  that 
enhanced  resistance  to  Type  III  pneumococci  may  be  stimulated 
in  rabbits  by  previous  injections  of  any  R  ot  S  pneumococcus  cells, 
and,  according  to  the  explanation  advanced,  is  due  to  an  exaltation 
of  the  same  factors  which  endow  normal  rabbits  with  natural  resist¬ 
ance  to  Type  III  infection.  Further  experiments  tending  to  sub¬ 
stantiate  this  view  will  be  subsequently  reported.  If  this  hypothesis 
proves  correct,  these  experiments  also  tend  to  show  that,  whereas 
intact  cells  stimulate  the  processes  of  natural  resistance,  the  same 
material  in  solution  is  ineffective,  although  a  similar  antibody  re¬ 
sponse  (anti-P)  is  elicited  in  both  instances. 

SUMMARY. 

1.  Immunization  of  rabbits  with  Type  III  pneumococci  is  effective 
in  producing  active  immunity  against  infection  with  a  virulent  strain 
of  the  homologous  organism. 

2.  Immunization  of  rabbits  with  Type  I  or  II  pneumococci,  and 
with  R  forms  derived  from  any  of  the  fixed  types,  is  equally  effective 
in  producing  active  immunity  against  Type  III  infection. 

3.  Immunization  of  rabbits  with  nucleoprotein  or  with  desoxycho- 
late  solutions  of  heterologous  pneumococci,  under  the  experimental 
conditions  described,  appears  to  be  ineffective  in  producing  active 
immunity  against  Type  III  infection. 

CONCLUSIONS. 

Increased  resistance  against  virulent  Type  III  pneumococci  may 
be  stimulated  in  rabbits  by  repeated  injections  of  heat-killed  cultures 
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of  homologous  or  heterologous  pneumococci.  This  form  of  active 
immunity,  effective  in  the  absence  of  demonstrable  type-specific 
antibodies  and  unrelated  to  the  variety  of  the  pneumococcus  used  for 
immunization,  is  considered  dependent  upon  an  exaltation  of  the  same 
factors  which  afford  normal  rabbits  natural  resistance  to  T5^e  III 
pneumococcus. 
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The  limitations  of  the  term  “filtrable  virus”  have  been  well  de¬ 
fined  in  a  recent  critical  review  on  these  agents  by  T.  M.  Rivers  (1), 
who  points  out  the  chaos  that  has  reigned  in  the  loose  classification  of 
a  variety  of  pathogenic  agents  on  the  uncertain  basis  of  filtrability. 
His  review  renders  it  unnecessary  for  us  to  reiterate  the  difficulties 
that  are  involved  in  any  work  that  deals  with  the  nature  of  agents 
that — as  he  asserts — have  never  been  cultivated  in  the  absence  of 
living  cells  and  can  be  recognized  only  by  their  biological  or  pathogenic 
effects.  Nevertheless,  it  would  be  a  considerable  step  toward  clearer 
understanding  could  we  obtain  information  concerning  the  actual 
sizes  of  some  of  those  active  and  pathogenic  agents,  which  pass  through 
filters  that  hold  back  the  smallest  bacteria  and  which  are  either  too 
small  to  be  seen  with  the  microscope  or,  for  reasons  of  chemical  consti¬ 
tution,  have  defied  methods  of  staining. 

We  shall  not  refer  to  the  complications  that  render  the  process  of 
filtration  an  uncertain  method.  Stuart  Mudd  (2)  and  others  have 
thoroughly  discussed  these  matters  in  recent  publications,  and  since 
our  work  deals  entirely  with  filtration  through  collodion  membranes, 
considerations  which  apply  to  the  ordinary  bacterial  filters  of  the 
Berkefeld,  Handler,  Chamberland  types  are  omitted. 

Our  present  communication  deals  with  an  endeavour  to  approach  the 
problem  of  the  magnitude  of  some  of  the  so  called  “filtrable  viruses” 
by  measuring  them  against  the  permeability  of  graded  filters  made  of 
collodion  by  a  method  more  or  less  analogous  to  that  by  which  Bech- 
hold  (3)  attempted  to  establish  a  scale  of  sizes  for  various  substances 
ranging  from  crystalloids  to  Prussian  blue.  Bechhold  used  formalin- 
fixed  gelatin  and  acetic  acid  collodion  filters  under  considerable 
pressures.  As  will  be  seen,  our  own  methods  have  aimed  particularly 
at  avoiding  the  high  pressures  employed  by , him. 
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The  difficulties  of  the  problem  are  such  that  it  is  of  course  impossible 
to  arrive  at  any  definitions  of  actual  size,  but  it  does  seem  to  us  possible 
by  the  methods  used  to  formulate  a  conception  of  relative  size  which 
may  have  no  inconsiderable  biological  significance,  for  the  relative 
size  of  some  of  these  active  agents  might  well  lead  to  a  clarification  of 
disputed  points. 

Between  the  smallest  colloids  and  the  smallest  visible  formed 
living  particles  there  is  an  enormous  range,  somewhere  within  which 
there  may  be  a  transitional  stage  manifest  as  the  “ferments”  and 
enzymes,  substances  that  partake  in  some  of  their  activities  of  the 
properties  of  living  matter.  The  difficulty  of  differentiating  between 
invisible  living  particles  and  enzyme-like  substances  has  become  one 
of  the  recent  quandaries  of  scientific  speculation  in  connection  with 
the  so  called  “bacteriophage”  of  Twort  and  d’Herelle,  a  difficulty  for 
the  solution  of  which  crucial  experimental  methods  are  still  lacking. 
It  has  likewise  suggested  itself  to  almost  every  intelligent  worker  with 
viruses  such  as  those  of  herpes,  chicken  sarcoma,  etc.,  that  it  might 
well  be  that  these  agents  are  not  living  cells  at  all,  but  that  all  the 
phenomena  in  which  they  are  involved  could  be  explained  by  the 
assumption  of  a  specific  “cytophage”  acting  upon  tissue  cells  as  do 
the  lytic  principles  of  d’Herelle  upon  bacteria.  Could  we  with 
reasonable  accuracy  compare  the  relative  magnitudes  of  some  of  these 
viruses  with  known  organic  and  inorganic  colloidal  suspensions,  and 
with  enzymes,  the  approach  to  understanding  them  should  be  con¬ 
siderably  facilitated.  Moreover,  with  knowledge  increasing  concern¬ 
ing  the  molecular  weights  of  pure  proteins,  one  might  even 'hope  for 
an  eventual  definition  of  the  smallest  size  possible  for  a  living  cell 
capable  of  metabolic  function. 

There  are,  as  far  as  we  know,  only  a  few  investigations  in  which  methods  similar 
to  oiir  own  were  used  for  analogous  purposes.  One  of  these,  by  LevaditiandNicolau 
(4),  published  in  1923,  consisted  in  attempts  to  appraise  the  magnitudes  of  rabies 
virus,  encephalitis  virus  (which  they  still  considered  separately  from  herpes  virus) 
and  a  “neurovaccine”  described  by  them.  Their  experiments  were  irregular  and 
led  to  conclusions  which  were  entirely  at  variance  with  those  to  which  we  have 
been  led  by  our  own  experience.  A  later  piece  of  work  by  Olitsky  and  Boez  (5) 
which  appeared  while  we  were  preparing  this  article  for  press,  concerns  itself,  among 
other  things,  with  the  filtration  of  the  virus  of  foot-and-mouth  disease.  While 
their  methods  were  to  some  extent  different  from  our  own,  their  results  indicate  a 
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considerable  degree  of  similarity  between  the  virus  of  this  disease  and  those  which 
we  have  studied. 

The  general  technique  followed  depended  upon  the  production  of 
collodion  membranes  in  which  permeability  was  varied  according  to 
the  principles  worked  out  by  a  number  of  investigators,  those  particu¬ 
larly  consulted  by  us  being  Brown  (6),  Bechhold,  Nelson  and  Morgan 
(7),  Hitchcock  (8)  and  Schoep  (9).  The  principles  upon  which  the 
variation  of  the  permeability  of  the  collodion  membranes  depends  are 
as  follows: 

The  concentration  of  the  collodion  solution;  the  number  of  coats  of  collodion 
employed;  the  intervals  of  air  drying  between  coats;  the  final  drying  after  the 
application  of  the  last  coat;  the  percentage  of  alcohol  in  which  the  membrane  is 
soaked  after  air  drying;  and  the  length  of  time  for  which  it  is  left  in  this  alcohol 
solution.  This  gives  a  wide  range  of  possible  variation,  which  was  at  first  limited 
in  our  experiments  by  the  fact  that  the  use  of  percentages  of  collodion  less  than 
1  per  cent  resulted  in  membranes  too  fragile  and  soft  to  stand  up  in  the  filtering 
apparatus.  This  difficulty  was  overcome  as  indicated  below. 

While  a  number  of  different  methods  of  carrying  out  this  procedure  were  from 
time  to  time  employed,  the  standard  method  finally  adopted  and  satisfactorily 
utilized,  throughout,  consisted  in  making  the  membranes  over  test-tubes,  care¬ 
fully  cleansed,  soaked  in  distilled  water  and  dried.  These  test-tubes  were  then 
slipped  over  a  slightly  tilted,  motor-driven  axis  in  an  apparatus  copied  in  a  small 
form  from  one  used  for  similar  purposes  on  a  larger  scale  by  Dr.  Edwin  Cohn. 
The  purpose  of  the  motor  used  was  to  revolve  the  test-tube  at  a  uniform  rate,  while 
the  appropriate  collodion  solution  was  being  slowly  poured  over  it.  Each  separate 
covering  of  the  test-tube  in  this  way  was  designated  a  “coat,”  and  a  given  interval 
was  allowed  before  the  application  of  a  further  coat  by  the  same  method.  After 
the  final  coat  had  been  applied  and  a  stated  interval  again  allowed  to  elapse, 
the  tube  was  taken  off  the  motor,  immersed  in  diluted  alcohol  and  left  there  for 
30  minutes.  At  the  end  of  this  time  it  was  immersed  in  water  and  left  there  over¬ 
night.  On  the  following  day  the  membrane  was  split  with  a  razor  by  cutting  along 
a  line  from  one  end  of  the  tube  to  the  other.  It  was  then  carefully  peeled  off  and 
floated  in  water.  Each  of  these  membranes  could  be  divided  into  three  or  more 
equal  parts  for  use  in  the  apparatus  described  below,  and  usually  in  our  later 
experiments  parts  of  the  same  membrane  were  employed  for  filtration  at  one  and 
the  same  time  under  the  same  suction,  and  tested  together  for  the  speed  with  which 
they  permitted  distilled  water  to  pass  before  and  after  the  actual  filtration  experi¬ 
ment  was  carried  out. 

When  it  became  necessary  to  produce  membranes  that  would  be 
sufficiently  permeable  to  allow  casein  to  pass  through,  and  collodion 
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concentrations  of  less  than  1.5  per  cent  were  desired,  we  found  that 
the  resulting  membranes  were  too  soft  to  withstand  pressures  of  8  cm. 
of  mercury  or  over.  We  finally  succeeded  in  producing  satisfactory 

membranes  with  sufiicient  permeability 
and  of  adequate  strength  by  modifying  the 
above  procedure  in  a  simple  manner  as 
follows: 

A  sheet  of  Japan  lens  paper  was  wound  about 
the  cleansed  and  dried  test-tube  in  a  spiral  man¬ 
ner,  completely  covering  its  surface,  and  was  made 
to  adhere  to  the  test-tube  by  wetting  it  down  with 
alcohol-ether,  smoothing  it  and  applying  it  with¬ 
out  wrinkles.  After  this,  the  collodion  coats  were 
applied  as  usual.  This  technique,  it  is  found,  is 
useful  even  for  membranes  of  lesser  permeability, 
since  thus  reenforced  they  are  more  easily  peeled 
off  the  tubes,  and  can  be  more  safely  manipulated 
and  divided  into  parts  without  fracture. 

The  above  technique  was  quite  satis¬ 
factory  for  all  filtrations  in  which  permea¬ 
bilities  no  greater  than  those  necessary  for 
the  passage  of  collargol  and  casein  were 
required.  When  we  attempted,  however, 
to  obtain  a  still  greater  permeability  the 
alcohol  and  ether  method  yielded  mem¬ 
branes  too  soft  to  be  manipulated  with 
ease  or  subjected  to  any  degree  of  pres¬ 
sure.  We  carried  out  our  final  experi- 
tions.  It  was  designed  in  our  ments,  therefore,  with  membranes  made  by 
laboratory  some  years  ago  for  the  glacial  acetic  acid-collodion  method  de- 
another  purpose  by  D.  P.  scribed  by  Bechhold  and  by  Schoep. 
Morgan,  Jr.,  and  made  for  us 

by  the  Macalaster,  Bicknell  Filter  paper  was  impregnated  with  acetic-collo- 
Company  of  Cambridge,  dion  in  vacuo,  and  the  permeabilit>  varied  by  the 
Mass.  percentage  of  gun  cotton  dissolved  in  the  acetic 

acid.  These  membranes  were  washed  for  24  hours 
in  running  water,  and  with  them‘a  permeability  could  be  obtained  that  was  suf¬ 
ficient  for  our  purposes  without  the  extreme  friability  of  the  alcohol-ether  mem¬ 
branes. 


Text-Fig.  1.  The  glass 
apparatus  used  for  the  filtra- 
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The  filtration  apparatus  used  requires  no  description  further  than 
the  explanatory  legend  under  the  figure  included  in  this  paper. 

In  actually  filtering  we  have  attempted  to  avoid  any  considerable 
degree  of  suction  and  so  to  control  it  that  it  might  be  both  accurately 
measured  and  constant  during  the  experiment.  This  was  accom¬ 
plished  by  attaching,  to  a  water  pump,  a  mercury  trap  which  permitted 
us  to  vary  the  suction  between  1  and  about  20  cm.  of  mercury,  and  to 
hold  it  for  any  length  of  time  at  any  given  pressure. 

Bechhold,  in  his  work  with  ultrafiltration,  in  which  he  employed  filter  paper 
impregnated  with  gelatin  and  fixed  in  formalin  or  acetic-collodion,  used  pressures 
as  high  as  315  atmospheres  and  established  a  graded  series  of  magnitudes  for  a 
number  of  colloidal  suspensions.  He  classifies  in  this  way  twenty-three  substances, 
the  largest  ranging  from  the  crystalloids  through  various  proteins  and  metallic 
colloids  to  Prussian  blue.  Cohn  (10),  after  determining  the  minimum  molecular 
weight  of  certain  proteins,  has  estimated  the  relative  sizes  of  their  molecules  by 
dialysis  and  ultrafiltration  through  membranes  of  graded  permeability.  By  a 
combination,  then,  of  the  analj^tical  and  physical-chemical  methods,  he  has  con¬ 
structed  a  scale  in  which  the  molecular  weight  of  egg  albumen  is  33,400;  serum 
albumen  is  45,000  and  casein  is  192,000.  Cohn  summarizes  the  reliability  of  the 
filtration  method  for  the  determination  of  the  dimensions  of  proteins  by  stating 
that:  “If  a  membrane  is  made  which  is  permeable  to  one  protein,  but  not  to  an¬ 
other,  then  the  latter  may  be  considered  the  larger,  provided  the  difference  is  shown 
not  to  depend  upon  the  electrical  forces  involved.” 

It  seemed  to  us  wise  to  begin  our  w'ork  by  comparing  a  number 
of  the  fiitrable  viruses,  namely,  that  of  herpes  and  the  Rous  chicken 
sarcoma,  with  a  typical  bacteriophage,  with  trypsin  and  with  the 
three  proteins — crystallized  egg  albumen,  crystallized  serum  albumen 
from  horse  sermn  and  solutions  of  purified  casein.  The  crystallized 
egg  albumen  and  serum  albumen  (horse)  were  made  by  the  well  known 
Sorensen  method  and  immunologically  determined  in  the  filtrates  with 
specific  antisera.  Pure  casein  was  obtained  from  Dr.  Edwin  Cohn 
and  was  determined  in  the  filtrates  by  means  of  a  relatively  weak  but 
specific  antiseriun  and  by  a  ring  test  in  which  n/40  hydrochloric  acid 
was  layered  over  the  filtrate. 
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I. 

Preliminary  Experiments. 

Our  first  membranes  were  relatively  impermeable.  They  were  made 
by  the  following  formula: 

3  per  cent  collodion,  2  minute  interval  between  coats,  6  coats,  10  minutes  final 
drying,  30  minutes  in  40  per  cent  alcohol,  water  overnight. 

Membranes  of  this  variety  in  a  number  of  experiments  placed  in  the 
apparatus  under  8  cm.  mercury  suction  allowed  egg  albumen  to  pass 
through  but  held  back  horse  serum  albumen  and  herpes  virus. 

A  considerable  number  of  experiments  of  this  type  were  done,  and 
it  became  clear  to  us  that  in  developing  a  satisfactory  technique  we 
must  take  into  account  changes  in  permeability  that  might  result  from 
gradual  increase  of  the  suction. 

An  example  of  such  an  experiment  follows: 

Membrane  C12. — 3  per  cent  collodion,  ^  minute  intervals  between  coats,  6  coats, 
10  minutes  final  dr3dng,  30  minutes  in  50  per  cent  alcohol,  water  overnight.  Fil¬ 
tration  at  pH  7.2^ 

Suction  cm.  Hg — Successive  fiUrations,  same  membrane. 

At  3 — held  back  horse  serum  albumen. 

6 — ^let  horse  serum  albumen  through. 

{Membrane  washed  with  water) 

At  3 — ^held  back  trypsin. 

6 — held  back  trypsin. 

{Membrane  washed  with  water.) 

At  6 — again  let  horse  serum  albumen  through. 

This  experiment  indicates  that  the  particular  membrane  made  as  described  held 
back  horse  serum  albumen  at  3  cm.  Hg  pressure,  but  allowed  horse  serum  albumen 
to  pass  at  a  pressure  of  6  cm.  Trypsin  was  held  back  at  the  higher  pressure,  and 
the  fact  that  horse  serum  albumen  passed  a  second  time  at  6  cm.  after  the  tr>^psin 
experiment  had  been  done  indicates  that  the  trypsin  was  not  held  back  because 
of  the  preliminary  plugging  of  the  membrane  by  the  serum  albumen.  This  would 
tend  to  indicate  that  trypsin  in  the  impure  condition  in  which  we  had  it  was 
larger  than  horse  serum  albumen,  always  assuming  that  at  pH  7.2  it  was  not  the 
electrical  conditions  that  determined  the  permeability. 

^  Hereafter,  to  economize  space,  we  will  describe  our  alcohol-ether  membranes 
by  a  formula  in  which  the  order  of  the  figures  follows  the  sequence  of  the  descrip¬ 
tion  of  Membrane  C  12.  Thus,  this  membrane  would  be  3  per  cent- 1  min.-6-lO 
min.-30  min.  50  per  cent-water  overnight. 
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Filtration  of  a  Mixture  of  Serum  Albumen  and  Trypsin  Solution. 

Membrane  D  5. — 2.5  per  cent-^  min.-6-lO  min.-30  min.  50  per  cent. 

Mixture  of  Trypsin  Solution  and  Horse  Serum  Albumen. 

pH  7.2  at  4.5  cm.  Hg — Horse  serum  albumen  + 

Trypsin  — 

This  experiment  again  indicates  that  trypsin  in  the  impure  form  in  which  we 
used  it  is  held  back  by  a  membrane  which  lets  through  serum  albumen. 

Experimtnt  Comparing  Horse  Serum  Albumen  and  Casein. 

Membrane  E  5. — 1.5  per  cent-^  min.-6-2  min.-25  min.  95  per  cent. 

.'It  2  cm.  Hg. 

H2O — 0.25  cc.  in  15  minutes. 

Casein  solution — 0.2  cc.  in  15  minutes — negative. 

(Washed  in  water.) 

Horse  serum  albumen — positive. 

This  experiment  indicates  that  with  the  membrane  made  as  above  indicated 
casein  is  held  back  while  horse  serum  is  allowed  to  pass  through.  The  measure¬ 
ment  of  the  amount  of  water  passed  through  at  a  given  pressure  in  15  minutes, 
the  method  adopted  throughout  in  later  experiments  to  determine  relative  per¬ 
meability,  shows  that  the  casein  considerably  plugs  the  membrane;  but  in  spite  of 
this  the  horse  serum  albumen  still  came  through  after  the  membrane  had  been 
partially  plugged  by  casein.  The  similarity  of  the  isoelectric  points  of  casein 
and  horse  serum  makes  it  unlikely  that  electrical  conditions  have  any  part  in  the 
results  of  the  experiments,  and  indicates  that  casein  is  larger  than  horse  serum 
albumen. 

Experiment  Comparing  Casein  and  Trypsin. 

Membrane  E  3. — 1.5  per  cent-J  min.-6-4  min.-30  min.  95  per  cent. 

.At  5  cm.  Hg. 

H2O — 2.5  cc.  in  20  minutes. 

Casein — 0.35  cc.  in  15  minutes — negative. 

(Washed  with  water.) 

Trypsin  solution — 1.25  cc.  in  15  minutes  -1--1-+. 

H2O — 1.0  cc.  in  20  minutes. 

This  experiment  shows  beyond  doubt  that  trypsin,  even  in  the  impure  state  in 
which  it  must  have  been  present  in  our  solution,  was  smaller  than  casein.  For  it 
isquite  apparent  that  the  casein  plugged  the  membrane  but  that,  in  spite  of  this 
plugging,  the  trypsin  that  was  subsequently  filtered  came  through  readily  and  the 
final  water  test  showed  that  there  was  no  gross  leakage. 

The  foregoing  experiments,  then,  indicate  that  it  is  possible  to  grade 
filters  so  that  they  measure  particles  in  the  order  in  which  their  molec¬ 
ular  weights  would  indicate  size;  namely,  crystallized  egg  albumen, 
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crystallized  serum  albumen  next  and  pure  casein  the  largest.  While 
these  experiments,  moreover,  indicate  definitely  that  trypsin  is  smaller 
than  casein,  they  also  suggest  that  trypsin  may  be  somewhat  larger 
than  serum  albiunen.  This,  however,  cannot  be  definitely  accepted 
because  the  trypsin  may,  in  our  necessarily  impure  solutions,  be  ad¬ 
sorbed  to  other  constituents,  possibly  to  a  protein.  Nevertheless,  it 
is  important  in  connection  with  our  subsequent  studies  to  realize  that 
in  size  trypsin  probably  approximates  to  serum  albumen  and  is 
definitely  smaller  than  casein. 

II. 

Filtration  of  a  Staphylococcus  Bacteriophage  in  Comparison  with 
Trypsin  and  Casein. 

A  staphylococcus  bacteriophage,  which  was  supplied  as  through  the  kindness 
of  Miss  Elsie  Schumm,  was  used.  To  a  5  to  7  hour  young  culture  of  a  susceptible 
staphylococcus  in  broth,  1/lOth  of  the  volume  of  a  Berkefeld  filtrate  of  the  bac¬ 
teriophage  was  added,  and  the  mixture  kept  at  room  temperature  overnight.  On 
the  next  morning  the  culture  was  found  to  be  clear  and  the  clear  fluid  was  again 
filtered  through  a  Berkefeld  candle  and  adjusted  to  pH  7.2  for  the  experiments. 
Tests  for  the  phage  were  then  carried  out  with  similar  young  cultures  on  the  fluid 
above  and  below  the  filter  membrane. 

Membrane  K  4. — 1  per  cent-J  min.-6-4  min.-30  min.  50  per  cent.  Divided 
into  3  parts  simultaneously  tested. 


Initial  test. 
Water  at 

2  cm.  Hg 
in  10  min. 

2  cm.  Hg  16  min. 

Final  water 
test  for 
leakage. 

2  cm.  Hg 
10  min. 

cc. 

CC. 

K4a 

1.25 

Casein  0.8  cc.  negative 

0.15 

K4b 

1.25 

Trypsin  0.8  cc.  positive 

K4c 

1.25 

Staphylococcus  aureus  bacteriophage  1.5  cc.  negative 

0.5 

This  experiment  would  tend  to  show  that  under  the  conditions  of  filtration 
bacteriophage  is  held  up  by  a  filter  which  permits  trypsin  to  pass. 

In  this  experiment  we  began  a  practice  which  is  followed  throughout  hereafter, 
and  which  is  of  considerable  importance.  It  consisted  in  not  only  measuring  the 
flow  of  water  per  stated  interval  at  a  given  pressure  for  each  individual  membrane 
before  the  filtration  of  a  specific  substance  was  attempted,  but  in  adding  to  this  a 
final  measurement  of  the  passage  of  water  under  the  same  pressure  for  the  same 
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length  of  time,  after  the  specific  filtration  had  been  carried  out.  This  not  only 
insured  us  against  errors  of  gross  leakages,  but  furnished  a  very  definite  indication 
of  the  degree  to  which  the  membrane  had  been  plugged  by  the  substance  pre¬ 
viously  filtered.  It  may  be  noted  in  passing  that  nothing  plugged  the  membranes 
quite  as  extensively  and  regularly  as  casein. 

Membrane  N  5. — 1  per  cent-J  min.-6-4  min.-30  min.  95  per  cent — membrane 
divided  into  3  sections. 


HsO,  2  cm.  Hg  5  min. 

2  cm.  Hg  6  min. 

H2O  agam2 
j  cm.  Hg  5 
min. 

cc. 

cc. 

NSa 

1 

Casein 

0.75  cc.  Casein  by 

acid  test 

0.25 

N5b 

1 

Trypsin 

1.0  cc.  Trypsin  -f -|- 

0.75 

NSc 

1.5 

(Bigger  surface.) 

Phage 

1.5  cc.  Phage  negative 

1.0 

This  experiment  shows  that  under  conditions  which  will  let  through  both  casein 
and  tiypsin  bacteriophage  does  not  pass,  even  though  the  tests  v?ith  water  indi¬ 
cated  that  if  there  were  any  difference  between  the  three  sections  of  Membrane 
N  5,  it  was  in  favour  of  greater  permeability  for  the  one  through  which  it  is  at¬ 
tempted  to  pass  the  bacteriophage.  Similar  experiments  confirmed  this  result 
with  regularity. 


Filtration  of  Rous  Sarcoma  Virus. 

The  Rous  sarcoxna  virus  was  prepared  in  the  following  manner:  Tumors  freshly 
taken  from  chicks  were  minced  and  ground  up  thoroughly  in  sand,  then  emulsified 
in  Ringer’s  solution  and,  in  a  preliminary  filtration,  passed  through  paper  pulp 
and  sand  filters  in  the  manner  usually  employed  in  working  with  this  tumor.  The 
resulting  filtrate  was  the  material  used  in  our  collodion  membrane  filtrations. 

Comparison  of  Horse  Serum  Albumen  and  Rous  Sarcoma  Virus. 

Membrane  C 13. — 3  per  cent-^-  min.-2-5  min.-30  min.  50  per  cent. 

Mixture  of  Rous  Sarcoma  Virus  and  Horse  Serum  Albumen. 

Suction  cm.  Hg — Filtrations  at  pH  7.2. 

At  4 — held  back  horse  serum  albumen. 

At  8 — held  back  horse  serum  albumen. 

At  12 — held  back  horse  serum  albumen. 

At  16 — let  horse  serum  albumen  through. 

Chicks  were  injected  with  jjortions  of  every  filtrate  except  the  one  at  4  cm.  Hg, 
and  all  were  negative.  Controls  were  positive. 
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This  membrane  did  not  permit  horse  serum  albumen  to  pass  until  the  pressure 
was  increased  to  16  cm.  Hg.  Even  at  this  pressure,  however,  chicken  sarcoma 
virus  did  not  pass  through  the  membrane. 


Comparison  of  Casein  and  Rous  Chicken  Sarcoma  Virus. 

Membrane  K  5. — 1  per  cent-|  min.-6-2  min.-30  min.  50  per  cent — divided  into 
2  parts  simultaneously  tested. 


Water  at 

2  cm.  Hg 
10  min. 

2  cm.  Hg  15  min. 

Water  at 

2  cm.  Hg 

10  min. 

cc. 

1 

CC, 

K5a 

2 

Casein  1  cc.  positive  test 

0.3 

K5b 

2 

Rous  chicken  sarcoma  1  cc.  chick  inoculated  negative, 
control  positive 

0.5 

This  experiment  indicates  that  the  casein  will  come  through  a  membrane  which 
holds  back  the  Rous  chicken  sarcoma.  Curiously  enough,  however,  in  this  case 
the  amount  of  obstruction  of  the  membrane  was  greater  for  the  casein  than  for  the 
sarcoma  solution.  It  is  observations  of  this  kind  that  have  suggested  to  us  the 
necessity  of  controlling  the  electrical  conditions.  Namely,  if  the  negatively 
charged  casein  is  passed  by  Membrane  K  5,  this  same  membrane  might  hold  up  a 
smaller  sarcoma  virus  if  this  had  an  isoelectric  point  at  a  pH  higher  than  that  at 
which  we  were  filtering,  namely,  pH  7.2,  and  were,  therefore,  positively  charged. 
This  matter  is  controlled  in  other  experiments  below. 

Membrane  N  6. — 1  per  cent-J  min.-6-4  min.-30  min.  90  per  cent.  Divided  into 
3  parts  simultaneously  tested. 


HjO  -  2  cm.  Hg 

Material  filtered 

Amount  passed  in  IS 
min.  at  2  cm.  Hg 

Retested  with 
water  2  cm.  Hg. 
Amount  passed 
in  10  min. 

CC. 

CC. 

N6a 

1 

Casein  solution 

1.0  CC. 

0.5 

mixed  with  Rous 

Negative  for  casein 

sarcoma  virus 

Chick  inoculated 

N6b 

1 

Casein  solution  alone 

1.0  cc. 

0.5 

Positive  for  casein 

N6c 

1.5 

Rous  sarcoma  virus 

1.75  cc. 

1.0 

(Shghtly  larger 

alone 

Chick  inoculated 

area.) 

Before  filtration  these  materials  all  tested  by  specific  anticasein  serum  and  those 
containing  casein  found  positive.  Similar  controls  were  made  with  the  acid  test. 
Chick  inoculations  both  negative.  Controls  positive  in  10  days. 
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This  experiment  differs  from  the  others  in  that  we  attempted  to  filter  through 
one  part  of  the  membrane  a  mixture  of  casein  solution  and  Rous  sarcoma  virus, 
filtering  them  separately  through  the  two  remaining  sections  of  the  same  membrane. 
The  casein  tests  were  done  both  by  anticasein  precipitating  serum  and  by  layering 
n/40  hydrochloric  acid  over  the  solutions.  The  anti-precipitating  serum  showed 
the  casein  definitely  in  the  mixture  and  in  the  casein  solution,  but  gave  no  ring 
in  the  Rous  sarcoma  virus  alone  before  filtration,  and  the  acid  test  showed  a 
suflacient  difference  between  the  mixture  and  the  Rous  sarcoma  virus  to  be  of 
comparative  value. 

It  is  interesting  to  note  that  where  the  casein  solution  was  filtered  alone  it  came 
through  at  a  pressure  that  held  it  back  when  it  was  mixed  with  the  Rous  sarcoma 
virus,  a  phenomenon  which  in  one  way  or  another  has  appeared  with  various  sub¬ 
stances  which  we  have  tried  to  filter  in  mixtures  and  for  which  a  number  of  ex¬ 
planations  can  be  suggested  but  none  definitely  proven  at  the  present  time. 

Again  the  experiment  indicates  that  the  casein  particles  are  smaller  than  the 
chicken  sarcoma  virus.  A  number  of  similar  experiments  gave  results  of  identical 
significance. 

Filtration  of  Herpes  Virus. 

The  herpes  virus  used  in  these  filtrations  was  prepared  by  taking  either  a  freshly 
glycerolated  or  a  fresh  unglycerolated  brain  of  a  rabbit  dead  of  herpes,  grinding  it 
thoroughly  in  sand,  taking  it  up  in  var)ang  amounts  of  Ringer’s  solution  and  cen¬ 
trifuging  for  1  or  2  hours  until  the  supernatant  fluid  was  moderately  opalescent. 
The  virus  filtrations  were  done  with  dilutions  of  this  material.  There  seems  no 
particular  reason  for  stating  dilutions,  since  on  centrifugation  such  varying  quan¬ 
tities  of  brain  material  were  thrown  down  that  the  amounts  of  possible  virus  in  the 
supernatant  fluid  cannot  be  estimated  in  any  manner  that  could  have  any  sig¬ 
nificance. 

Comparison  of  Casein  and  Herpes  Virus. 

Membrane  M  2. — 1  per  cent-J  min.-6-4  min.-30  min.  95  per  cent.  Divided 
into  2  parts  simultaneously  tested. 


2  cm.  Hg  10 
min. 

2  cm.  Hg  10  min. 

4  cm.  Hg  5  min. 

M  2a 

H»0  1.25  cc. 

Casein  solution 

Casein  solution 

0.5  cc.  negative 

0.3  cc.  positive 

M  2b 

H2O  1.25  cc. 

Herpes  0.4  cc. 

Herpes  0.3  cc. 

Rabbit  injected 

Rabbit  injected 

Both  animals  negative.  Control  died  in  5  days. 

This  experiment,  carried  out  with  two  sections  of  the  same  membrane  simul¬ 
taneously  tested  and  showing  equivalent  volumes  of  water  at  2  cm.  Hg  in  10  min- 
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utes,  indicates  that  the  herpes  virus  was  held  back  by  a  membrane  which  permit¬ 
ted  the  casein  to  pass  through. 

Comparison  of  Casein,  Herpes  Virus  and  Rous  Sarcoma  Virus. 

In  this  experiment  three  parts  of  the  same  membrane  were  simultaneously 
tested.  In  making  this  membrane,  however,  the  method  of  dipping  in  collodion 
solution  was  substituted  for  the  rotating  test-tube,  a  fact  which  probably  accounts 
for  the  relatively  greater  permeability  of  one  of  these  membrane  sections  over  the 
others.  The  table  shows  that  K  2a  and  K  2b  let  through  1.25  cc.  of  water  at  2  cm. 
Hg  in  5  minutes,  while  K  2c  let  through  1.5  in  the  same  time  at  the  same  suction. 
It  is  apparent  from  the  results  that  casein  came  through  K  2a  at  2  cm.  Hg,  and 
that  K  2b  and  K  2c  held  back  both  herpes  virus  and  the  Rous  sarcoma  virus  at  the 
same  suction.  The  experiment  would  indicate  that  the  casein  particles  were 
smaller  than  either  of  the  two  viruses  used,  and  this  result  was  obtained  in  spite  of 
the  fact  that  K  2c  may  have  been  slightly  more  permeable  than  the  other  two 
sections. 

M cmhrane  K  2. — 1  per  cent-j  min.-6-2  min.-30  min.  95  per  cent.  (Dipping 
method,  which  accounts  for  unevenness  of  membranes.) 


Water  at  2  cm. 
Hg  S  min. 

Filtration,  2  cm.  Hg  10  min. 

K2a  ' 

Casein  solution  0.8  cc. 

Casein  positive 

K2b 

Herpes  virus  0.8  cc. 

K2c 

1  1.50 

Rous  sarcoma  virus  1.25  cc. 

Animals  inoculated  from  filtrate  of  K  2b  and  K  2c  negative.  Controls  with  un¬ 
filtered  virus  suspensions  positive. 

In  the  next  experiment  a  freshly  made  collargol  solution,  §  per  cent  in  distilled 
water,  centrifuged  at  2,000  revolutions  for  2  hours,  was  used  for  comparison.  The 
diameter  of  the  smallest  collargol  particles  so  procured  is  supposed  to  measure  ap¬ 
proximately  20  m/i.  We  have  no  means  of  actually  measuring  these  particles,  and 
are  accepting  the  figures  of  other  workers. 

Membrane  R  2. — 1  per  cent-j  min.-6-5  min.-30  min.  90  per  cent.  Divided  into 
four  parts. 


HiO,  5  min. 

2  cm.  Hg 

15  min.  2  cm.  Hg 

HiO,  5  min. 

2  cm.  Hg 

CC. 

CC. 

R  2a 

1.0 

Collargol 

2.25  cc.  +++ 

0.4 

R2b 

■m 

Casein 

1.0  cc.,  acid  negative,  precipitate  + 

0.15 

R  2c 

Herpes 

1.25  cc. 

0.25 

R  2d 

1  10 

Air  test. 

Air  bubbles  begin  at  6.5  cm.  Hg 
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The  rabbit  inoculated  from  the  herpes  filtrate  remained  negative,  indicating  that 
the  herpes  virus  in  the  condition  in  which  it  existed  in  the  suspension  was  larger 
than  the  coUargol. 

Experiments  Controlling  the  Possible  Efect  of  Opposite  Electrical 

Charges  on  Substances  to  Be  Filtered  and  on  Filter  Membrane, 
Respectively. 

The  following  three  experiments  were  carried  out  for  the  purpose  of 
controlling  errors  in  the  results  of  filtration  which  could  conceivably 
have  occurred  if  the  isoelectric  point  of  the  particles  to  be  filtered 
should  happen  to  be  on  the  alkaline  side  of  pH  7.2,  at  which  all  our 
previous  experiments  were  done.  Olitsky  and  Boez  stated  that  the 
isoelectric  point  of  the  virus  of  foot-and-mouth  disease  lay  at  about 
pH  8.  It  seemed  to  us  likely  that  if  foot-and-mouth  disease  virus 
were  isoelectric  at  this  reaction,  the  same  might  be  true  of  the  viruses 
with  which  we  have  been  dealing.  Were  this  the  case,  then  of  course 
casein  and  the  other  proteins,  the  isoelectric  points  of  which  are  in 
the  neighbourhood  of  pH  5,  would  be  negatively  charged  at  pH  7.2, 
and  thus  easily  pass  through  a  negatively  charged  membrane,  while 
the  viruses  at  pH  7.2  would  be  positively  charged  and  might  be  held 
up  by  conditions  entirely  independent  of  size. 

For  this  reason,  in  the  following  three  experiments  Rous  sarcoma 
virus,  herpes  virus  and  staphylococcus  bacteriophage  were  all  com¬ 
pared  by  filtration,  in  each  case  through  four  parts  of  the  same  mem¬ 
brane,  and  both  the  casein  and  the  respective  substance  adjusted  to 
7.2  in  one  segment  and  to  8.6  in  another. 

The  virus  used  was  a  2  per  cent  suspension  of  a  freshly  prepared  triturate  of  Rous 
sarcoma  filtered  through  a  sand  filter.  The  casein  solution  was  prepared  with 
the  purified  casein  furnished  us  by  Dr.  Edwin  Cohn. 

Membrane  Q  4. — 1  per  cent-J  min.-6-4  min.-30  min.  90  per  cent.  Divided  into 
four  parts. 


Water  at  2  cm. 
Hg  5  min. 

i 

Filtration  at  2  cm.  Hg  7  min. 

0.4a 

cc. 

1.25 

1.25 

Casein  pH  7.2, 0.75  cc.  -h  came  through 

Q4b 

Casein  pH  8.6, 0.75  cc.  -j--l--h  came  through 

Q4c 

1.25 

Rous  sarcoma  virus  pH  7.2, 1.5  cc. 

Q4d 

1.25 

Rous  sarcoma  virus  pH  8.6,  1.5  cc. 
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Chicks  inoculated  from  Q  4c  and  Q  4d  remained  negative.  Control  chicks  in¬ 
oculated  with  the  paper  pulp  sand  filtrate  before  collodion  filtration  were  positive 
in  2  weeks. 

Membrane  Q  5. — 1  per  cent-J  min.-6-4  min.-30  min.  90  per  cent — divided  into 
four  parts. 

The  herpes  virus  consisted  of  a  7  day  glycerolated  brain  of  an  herpetic  rabbit; 
1  gm.  ground  in  sand  and  suspended  in  30  cc.  of  Ringer’s  solution;  centrifugalized 
at  high  speed  until  the  supernatant  fluid  was  clear.  Casein  as  in  the  preceding 
experiment. 


Water  at  2 
cm.  Hg  5 
min. 

Filtration  2  cm.  Hg  7  min . 

Water  at  2 
cm.  Hg  8 
mm. 

CC, 

CC. 

Q5a 

2.75 

Casein  at  pH  7.2, 0.75  cc.  came  through 

0.5 

Q5b 

2.75 

Casein  at  pH  8.6,  0.75  cc.  -H+  came  through 

1.0 

OSc 

2.5 

Herpes  virus  at  pH  7.2,  0.5  cc. 

1.0 

0  5d 

2.5 

Herpes  virus  at  pH  8.6,  1.0  cc. 

1.0 

Rabbits  were  inoculated  from  filtrates  of  Q  5c  and  Q  5d  and  controls  with  un¬ 
filtered  supernatant  fluid  of  centrifugalized  virus  taken  from  material  left  on  mem¬ 
brane.  The  results  indicated  that  the  virus  had  not  come  through. 

Comparison  of  Bacteriophage  with  Casein. 

Staphylococcus  bacteriophage  consisting  of  a  Berkefeld  filtrate  of  a  cleared  cul¬ 
ture. 

Membrane  R 1. — 1  per  cent-J  min.-6-4  min.-30  min.  90  per  cent. 


Water  at  2 
cm.  Hg6 
min. 

Filtration  2  cm.  Hg  8  min. 

Water  at  2 
cm.  Hg  6 
min. 

R  la 

Casein  pH  7.2, 0.75  cc.  -h  came  through 

CC. 

0.25 

R  lb 

Casein  pH  8.6,  0.75  cc.  -b-b  came  through 

0.25 

R  Ic 

Staphylococcus  bacteriophage  pH  7.2,  1  cc. 

0.5 

R  Id 

1  1-5 

Staphylococcus  bacteriophage  pH  8.6,  1  cc. 

0.5 

The  bacteriophage  was  tested  in  the  following  way: 

Tube  1. — 1  cc.  7  hour  staphylococcus  culture  -f-  0.1  cc.  unfiltered  bacterio¬ 
phage  at  pH  7.2  =  complete  clearing  up  overnight. 

Tube  2. — 1  cc.  7  hour  staphylococcus  culture  0.1  cc.  filtered  bacteriophage 
at  pH  7.2  =  negative. 
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Tube  3. — 1  cc.  7  hour  staphylococcus  culture  +0.1  cc.  unfiltered  bacterio¬ 
phage  at  pH  8.6  =  complete  clearing. 

Tube  4. — 1  cc.  7  hour  staphylococcus  culture  +  0.1  cc.  filtered  bacteriophage 
at  pH  8.6  =  negative. 

In  the  last  experiment  tabulated  we  used  collargol  as  a  colloidal 
suspension  composed  presumably  of  particles  larger  than  any  of  the 
proteins  used.  We  had  found  that  the  bacteriophage  and  the  viruses 
were  all  held  up  by  membranes  which  allowed  the  three  proteins  to 
pass  through  them.  Curiously  enough,  although  our  calculations 
from  the  molecular  weight — taking  the  density  as  1  —  indicated  that 
the  casein  molecules  should  have  a  diameter  of  approximately  8.5  m/x, 
we  found  by  actual  filtration  that  casein  was  larger  than  collargol, 
which  is  supposed  to  have  a  minimiun  diameter  of  20  m/x.  Moreover, 
whatever  the  pH,  casein  solutions  are  always  very  slightly  opalescent, 
a  fact  which  should  indicate  that  many  of  the  particles  in  suspension 
caimot  be  much  smaller  than  half  a  wave-length  of  light.  It  must  be 
assumed,  therefore,  that  casein  is  present  either  in  a  condition  of  con¬ 
siderable  swelling  or  as  aggregates.  This  is  a  matter  that  we  are 
hardly  competent  to  discuss  in  detail,  but  we  offer  the  observed 
facts  in  the  interests  of  completeness. 

III. 

In  attempting  to  produce  membranes  of  increasing  permeability  in 
order  eventually  to  obtain  filters  that  would  allow  the  bacteriophage 
and  the  two  varieties  of  virus  to  pass  through  them,  we  found  that  the 
alcohol-ether  method  could  not  be  satisfactorily  used  because  of  the 
friability  of  membranes  containing  less  than  1  to  per  cent  of 
collodion.  We  therefore  turned  to  the  method  advised  by  Bechhold, 
Schoep  and  others. 

This  consists  of  impregnating  filter  paper  with  solutions  of  collodion  in  glacial 
acetic  acid.  The  permeability  of  the  membrane  is  entirely  determined  by  the  per¬ 
centage  of  the  collodion  solution.  The  membranes  are  hung  into  a  bath  of  acetic- 
collodion  in  a  vacuum  chamber,  the  collodion  being  run  into  the  bath  after  pre¬ 
liminary  exhaustion,  and  after  the  air  has  been  removed  from  the  pores  of  the 
paper,  atmospheric  pressure  forces  the  collodion  solution  thoroughly  into  the  inter¬ 
stices  of  the  paper.  The  filter  paper  is  then  allowed  to  drip  and  is  finally  soaked  in 
running  water  for  24  hours. 
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Such  membranes  were  employed  in  the  same  type  of  filter  and  in 
virtually  the  same  manner  as  were  the  alcohol-ether  films. 

For  comparative  filtrations  with  these  membranes  we  used,  in  addi¬ 
tion  to  the  substances  to  be  tested,  casein,  collargol  and  freshly  pre¬ 
pared  arsenic  sulfide.^ 

The  following  table  shows  that  4  per  cent  acetic-collodion  lets 
through  crystallized  egg  albumen,  but  holds  back  serum  albumen  and 
the  larger  particles  of  collargol  and  arsenic. 


4  Per  Cent  Acetic-Collodion  Membrane. — 


Mem¬ 

brane 

H2O,  IS 
min.  8 
cm.  Hg 

15  min. 

8  cm.  Hg 

cc. 

cc* 

1 

mSm 

Egg  albumen  -1--|- 

2 

Horse  serum  albumen  negative 

3 

Collargol  negative 

4 

1.25 

AS2S3  negative 

In  the  next  experiment  a  more  permeable  membrane  was  used. 
2  Per  Cent  Acetic-Collodion  Membrane. — 


Mem¬ 

brane 

H20. 10 

min.  2 
cm.  Hg 

Filtration  10  min.  2  cm.  Hg 

H20, 10 
min.  2 
cm.  Hg 

1 

cc. 

2.5 

Collargol  1.75  cc.,  -1--|-  bright  yellow 

CC. 

2 

2.5 

AsjS  3  1 . 50  cc .  negative 

0.75 

3 

2.0 

Phage  0.75cc. 

4 

2.5 

Rous  sarcoma  1.0  cc.  negative.  Control  positive 

0.75 

This  2  per  cent  acetic-collodion  membrane  let  through  collargol  and  the  bacterio¬ 
phage,  but  held  back  the  Rous  sarcoma  virus  and  the  arsenic  suspension.  While 


2  The  collargol  suspension  was  made  by  dissolving  0.2  per  cent  commercial 
collargol  both  in  distilled  water  and  in  salt  solution,  centrifuging  for  2  to  3  hours  at 
approximately  2,000  r.p.m.  and  using  the  upper  layers  of  the  fluid.  The  arsenic 
trisulfide  was  made  by  passing  hydrogen  sulfide  through  a  solution  of  AsjOs  in 
water.  The  arsenious  acid  solution  was  saturated  by  boiling,  was  cooled  to  room 
temperature,  filtered  and  diluted  with  3  volumes  of  water.  This  is  the  method 
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the  subsequent  water  tests  on  two  of  these  membranes  showed  that  there  had  been 
no  gross  leakage — indeed,  a  considerable  obstruction, — the  delicacy  with  which 
these  experiments  must  be  done,  is  indicated  by  the  fact  that  Membranes  1  and  3 
ruptured  when  the  suction  was  increased  to  4  and  5  cm.  Hg. 

In  the  next  experiment  herpes  virus  was  compared  with  casein  and  collargol. 

2  Per  Cent  Acetic-Collodion  Membrane. — 


Mem¬ 

brane 

HAS 
min.,  2 
cm.  Hg 

Filtration 

HAS 
min.  2 
cm.  Hg 

cc. 

CC, 

a 

2.5 

Herpes  2  per  cent  0.75  cc. 

Bn 

b 

2.5 

Casein  1  cc.  acid  —  negative,  precipitate  — [-  + 

msKm 

c 

2.5 

Collargol  1 . 25  cc.  -b  +  bright  yellow 

1  1.35 

The  control  rabbit  inoculated  with  the  material  over  the  filter  membrane  died 
in  5  days.  The  test  rabbit  inoculated  with  the  filtered  virus  died  with  a  typical 
syndrome  of  herpes  at  about  the  same  time.  Fresh  herpes  brain  from  a  rabbit 
which  had  just  died  was  used  in  the  preparation  of  this  virus,  and  we  believe  that 
this  may  have  something  to  do  with  the  successful  filtration. 

A  still  more  permeable  membrane  was  made  and  used  to  compare  collargol, 
staphylococcus  bacteriophage,  Rous  sarcoma  virus  and  arsenic  suspension. 

1.5  Per  Cent  Acetic-Collodion  Membrane. — 


Mem¬ 

brane 

HAS 

min., 

2  cm.  Hg 

5  min.,  2  cm.  Hg 

HAS 

mm. 

2  cm.  Hg 

CC. 

CC, 

a 

2.5 

Collargol  2.5  cc.’  -f-b 

2.5 

b 

3.0 

Phage  2.0  cc.  -b 

2.75 

c 

3.0 

Rous  sarcoma  2.5  cc. 

2.0 

d 

2.5 

AS2S3  1.75  cc.  negative 

1.80 

The  chick  inoculated  with  the  filtrate  of  the  Rous  virus  on  the  left  breast,  with 
a  control  inoculation  of  the  unfiltered  virus  on  the  right  breast,  began  to  show  defi¬ 
nite  tumors  on  both  sides  within  10  days.  This  experiment  was  repeated  with 
another  set  of  membranes,  with  entirely  comparable  results. 

Combining  this  with  previous  experiments,  it  would  be  apparent  that  the  Rous 
sarcoma  virus  was  larger  than  collargol  and  smaller  than  colloidal  arsenic. 


described  by  Wolfgang  Ostwald,  Practical  colloid  chemistry.  New  York,  4th  edition, 
1924, 6. 
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1.5  Per  Cent  Acetic-Collodion  Membrane. — 


Mem¬ 

brane 

HsO  pH  7.2 

5  mm.  at 

3  cm.  Hg 

Filtration  10  min.  at  4  cm.  Hg 

H2O  pH  7.2 

5  min. 

3  cm.  Hg 

cc. 

CC. 

a 

2 

Collargol  3  cc.  -| — h-k 

1.5 

b 

2.5 

As2Ss  4  cc.  negative 

1.0 

c 

2.5 

Herpes*  (0.25  per  cent)  1  cc. 

0.75 

*  Control  died  typically  in  5  days,  filtrate  rabbit  on  8th  day. 


In  the  above  experiment  herpes  virus  apparently  came  through  the  membrane 
which  held  back,  colloidal  arsenic.  The  final  water  tests  show  that  no  accidental 
leakage  or  other  irregularity  was  responsible  for  the  result. 

DISCUSSION. 

The  determination  of  size  by  methods  of  ultrafiltration  is  of  course 
subject  to  many  possibilities  of  error  and  cannot  be  relied  upon 
except  in  defining  relatively  gross  ranges  of  magnitude.  We  believe 
that  the  technique  developed  by  us  avoids  all  the  obvious  errors  and 
is  subject  to  simple  control  in  regard  to  the  detection  of  leakages, 
and  injuries  to  the  filter  membranes  in  the  course  of  the  experiments. 
The  practice  of  measuring  the  flow  of  water  in  a  given  time  under 
constant  pressure  before  and  after  filtration  of  various  substances 
not  only  insures  against  accidents  of  the  kind  mentioned,  but  supplies 
interesting  information  in  regard  to  the  degree  to  which  a  membrane 
has  been  obstructed  by  the  substance  filtered.  The  method  of 
making  membranes  in  sheets  and  dividing  them  into  separate  parts 
makes  it  possible  to  filter  several  substances  simultaneously  under 
equivalent  conditions,  and  the  accuracy  with  which  identical  condi¬ 
tions  can  be  assumed  to  prevail  is  further  controlled  by  attaching  all 
the  different  segments  to  the  same  source  of  negative  pressure  and 
determining  the  flow  of  water  per  unit  time  both  before  and  after  the 
filtration. 

The  alcohol-ether  method  of  making  membranes  on  rotating  tubes, 
especially  when  reenforced  by  sheets  of  Japan  paper,  furnishes  a 
delicate  and  very  elastic  method  of  varying  permeability,  but  these 
membranes  cannot  be  made  sufficiently  permeable  to  allow  anything 
larger  than  collargol  to  pass  through  them  without  becoming  too 
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soft  and  friable  for  use.  More  permeable  membranes  of  sufficient 
strength  can  be  made  by  the  Bechhold  method  with  collodion  dis¬ 
solved  in  glacial  acetic  acid,  and  this  was  therefore  the  method  that 
we  employed  in  the  final  stages  of  our  experiments. 

For  determination  of  the  sizes  of  the  pores  of  our  membranes  we 
hoped  to  be  able  to  use  the  method  of  Bechhold,  which  depends  upon 
the  measurement  of  the  pressure  necessary  to  force  air  through  the 
filter  under  water.  A  formula  has  been  derived  by  him  from  such 
measurements  which  has  also  been  applied  by  Stuart  Mudd  to  the 
measurement  of  the  pores  of  Berkefeld  filters.  We  found,  however, 
that  the  calculated  sizes  of  the  pores  in  our  collodion  membranes 
were  entirely  inconsistent  with  the  probable  sizes  indicated  by  per¬ 
meability  for  various  substances,  a  discrepancy  that  we  attribute  to 
the  fact  that  each  additional  cm.  of  pressure  upon  the  soft  filter 
membranes  used  by  us  considerably  bulged  them  in  a  manner  which 
inevitably  modified  the  pore  sizes,  and  pressures  beyond  4  and  6  cm. 
of  mercury  often  completely  disrupted  these  filters.  This  rendered 
it  essential  to  control  our  membranes  by  the  flow  of  water  under 
similar  pressures  before  and  after  each  experiment.  It  will  be 
noticed  that  we  hardly  ever  used  more  than  2  cm.  of  mercury  for  our 
filtrations.  Poiseuille’s  formula,  which  is  based  upon  measurements 
of  the  pressure  necessary  to  force  water  through  a  capillary,  and  has 
been  modified  by  Bechhold  to  apply  to  filters,  was  also  found  in¬ 
applicable  in  our  studies. 


CONCLUSIONS. 

We  are  submitting  this  series  of  experiments  as  observed  facts, 
realizing  that  there  are  so  many  uncertainties  in  this  form  of  indirect 
observation  that  great  caution  must  be  exercised  in  drawing  con¬ 
clusions  of  any  kind.  The  most  serious  of  the  possible  errors  involved 
is  that  the  active  substances  which  we  have  studied,  the  enzyme — 
the  bacteriophage — and  the  several  varieties  of  virus,  may  not  be 
free  in  our  suspensions,  but  are  adsorbed  to  larger  particles.  The 
peculiar  difficulties  encountered  in  filtering  herpes  virus  particularly 
suggest  a  source  of  error  of  this  kind,  and  if  we  are  right  in  assuming 
the  intracellular  position  of  this  virus  in  the  nervous  tissue,  it  is  more 
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than  likely  that  most  of  the  virus  obtained  in  suspension  may  be 
closely  associated  with  protein  particles  derived  from  the  cells. 
Keeping  all  this  in  mind,  we  may,  nevertheless,  derive  a  certain 
amount  of  information  from  our  experiments  as  follows: 

1 .  The  order  of  magnitudes  of  the  pure  proteins  with  which  we 
have  worked, — namely,  crystallized  egg  albumen,  crystallized  serum 
albumen  and  purified  casein, — follows  the  order  of  molecular  weights 
of  these  substances  as  determined  by  Cohn.  As  far  as  casein  is 
concerned,  the  size  indicated  by  filtration  in  comparison  with  collargol 
is  far  greater  than  it  should  be  by  calculations  which  take  a  molecular 
weight  of  192,000  as  the  point  of  departure.  While  one  cannot  be 
sure  of  the  reason  for  this,  there  are  many  possible  explanations  such 
as  considerable  swelling  of  the  casein  particles,  aggregation  of  mole¬ 
cules  and  the  fact  that  casein  is  not  at  its  isoelectric  point  under  the 
conditions  of  filtration  and  surely  present  as  a  salt. 

2.  Trypsin,  even  in  the  certainly  very  impure  condition  in  which 
we  employed  it,  is  but  very  slightly  larger  than  serum  albumen  and 
distinctly  smaller  than  casein.  In  its  pure  form  it  may  well  be  much 
smaller  even  than  our  filtrations  indicate,  but  certainly  not  larger. 
This  relatively  small  size  of  trypsin  may  have  considerable  bearing 
upon  the  question  of  whether  or  not  the  lytic  agents  spoken  of  as 
“bacteriophage”  are  substances  of  the  nature  of  enzymes,  or  whether 
they  are  more  comparable  to  the  filtrable  virus,  as  supposed  by 
d  ’Herelle. 

3.  Herpes  virus,  the  Rous  chicken  sarcoma  and  a  staphylococcus 
bacteriophage  were  all  subjected  to  filtration  at  pH  7.2  and  at  hydro¬ 
gen  ion  concentrations  higher  than  8,  which  is  given  by  Olitsky  and 
Boez  as  the  isoelectric  point  of  foot-and-mouth  disease,  but  failed 
to  pass  membranes  which,  at  the  same  pressures,  were  permeable 
for  casein  and  collargol.  The  bacteriophage  and  the  Rous  sarcoma 
with  considerable  regularity  passed  through  membranes  which  held 
back  colloidal  arsenic  trisulfide.  We  have  cited  only  a  few  of  the 
experiments  which  were  actually  done^  every  one  of  the  tests  tabu¬ 
lated  being  merely  representative  of  a  number  of  others  that  were 
omitted  for  economy  of  space.  The  herpes  virus  we  have  had 
greater  difficulty  in  filtering.  We  cite  one  experiment  with  a  2  per 
cent  acetic-collodion  membrane  and  another  with  a  1.5  per  cent 
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membrane  through  which  the  herpes  virus  passed,  the  membrane 
being  so  controlled  that  gross  leakage  could  be  excluded.  We  believe 
that  the  difficulty  here  is  very  largely  due  to  the  fact  that  in  preparing 
the  herpes  virus  for  filtration  it  cannot  be  separated  from  considerable 
amounts  of  brain  material,  from  which,  perhaps,  it  is  not  easily 
dissociated.  This  would  be  natural  if  the  herpes  virus  were  intra- 
cellularly  located,  as  we  believe  it  to  be.  This  experiment  and  similar  \ 
ones,  however,  incline  us  to  believe  that  the  herpes  virus  is  not  far 
different  from  the  Rous  sarcoma  virus  and  the  bacteriophage,  as  far 
as  filtration  through  membranes  is  concerned.  It  certainly  is  not 
smaller  than  either  of  these  substances  and  probably,  as  we  judge 
from  a  few  experiments  carried  out  at  higher  pressures,  is  not  much 
larger. 

It  may  be  assumed,  therefore,  that  in  the  form  in  which  we  were 
able  to  procure  the  bacteriophage  and  the  two  varieties  of  virus  in¬ 
vestigated  by  us,  they  were  of  a  magnitude  larger  than  casein  and 
collargol  and  smaller  than  colloidal  arsenic.  The  weak  point  in 
drawing  our  conclusions  is  the  fact  that  we  were  not  in  a  position  to 
measure  for  ourselves  with  any  accuracy  the  actual  sizes  of  collargol 
and  arsenic  trisulfide  particles.  Accepting  the  general  views  of 
Bechhold  and  others,  however,  our  experiments  would  define  the 
sizes  of  the  separticular  substances  as  larger  than  20  m^  and  probably 
smaller  than  100  m^i. 

The  order  of  magnitudes  of  the  substances  measured  by  us  would 
then  be  as  follows : 

Crystallized  egg  albumen 

Crystallized  serum  albumen 

Trypsin 

Collargol 

Casein 

Bacteriophage,  Rous  sarcoma  virus,  herpes  virus 
Arsenic  trisulfide 

Our  experiments  show  little  agreement  with  the  work  of  Levaditi 
and  Nicolau  and  of  Levaditi,  Nicolau  and  Galloway.  In  their  recent 
filtration  tests  of  foot-and-mouth  disease  this  virus  is  reported  by 
them  as  passing  through  membranes  that  held  back  trypsin,  indi¬ 
cating  a  size  much  smaller  than  any  of  the  viruses  measured  by  us. 
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Our  results,  on  the  other  hand,  are  in  actual  measurements  compara¬ 
ble  to  those  of  Olitsky  and  Boez,  not  only  in  the  fact  that  the  viruses 
with  which  we  worked  correspond  approximately  to  the  size  deter¬ 
mined  by  them  for  foot-and-mouth  disease,  but  that  the  percentage 
of  collodion  in  membranes  permeable  for  virus  and  impermeable  for 
colloidal  arsenic  corresponds  almost  exactly  to  our  own.  This  gives 
us  confidence  that  the  technique  developed  may  be  more  easily 
standardized  than  we  at  first  believed  and  that  the  method  of  ultra¬ 
filtration,  owing  to  the  great  ease  with  which  membranes  of  relatively 
standard  size  may  be  made,  may  have  valuable  applications  in  the 
investigation  of  bacteriological  and  immunological  problems. 
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NATURE  OF  THE  TOXIC  MOIETY  OF  STREPTOCOCCUS 
SCARLATINiE* 

By  CHARLES  W.  DUVAL,  M.D,,  and  R.  J.  HIBBARD,  M.D. 

{Fram  the  Department  of  Pathology  of  Tulane  University,  New  Orleans.) 

(Received  for  publication.  May  16,  1927.) 

Scarlet  fever  is  now  generally  regarded  as  an  infection  caused  by 
hemolytic  streptococci,  but  there  is  much  that  is  imperfectly  under¬ 
stood  concerning  the  nature  of  the  toxemia  and  the  natural  and 
artificially  induced  immunity.  There  are  those  who,  recognizing  the 
streptococcus  as  the  primary  excitant  of  the  disease,  believe  that  the 
specific  poison  is  a  soluble  toxin  comparable  to  that  of  diphtheria,  and 
others  hold  that  it  is  endotoxic  in  kind. 

Dick  and  Dick’  regard  the  active  principle  as  a  soluble  toxin  elaborated  by  the 
streptococcus  during  its  in  vitro  growth  activity,  and  base  their  belief  upon  the 
fact  that  it  is  neutralized  by  immune  serum.  Dochez^  apparently  could  not  pro¬ 
cure  from  in  vitro  culture  filtrate  a  toxic  substance  which  would  induce  an  anti¬ 
toxic  body  when  injected  into  animals.  On  the  other  hand  the  results  of  his 
ingenious  in  vivo  experiments  with  living  streptococcal  impregnated  agar  lead  him 
to  consider  that  a  soluble  toxin  might  be  formed  in  the  living  animal.  Rosenow'® 
claims  to  have  obtained  thermolabile  and  thermostable  toxic  moieties  of  the  scar¬ 
latinal  streptococcus  since  both  the  “washed  bacterial  bodies”  and  the  heat-killed 
streptococcal  cell  remove  the  neutralizing  principle  of  the  homologous  immune 
serum;  he  believes  that  the  “soluble  toxin”  and  endotoxin  are  one  and  the  same 
thing.  Eagles^  reports  that  the  culture  filtrates  from  a  widely  distributed  group 
of  hemolytic  streptococci  give  rise  to  a  skin  reaction  in  the  human  which  is  in¬ 
distinguishable  from  the  Dick  reaction,  stating  that  the  culture  filtrates  of  all 
hemolytic  strains,  regardless  of  their  source,  are  neutralized  by  scarlatinal  horse 
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serum.  Williams®  states  that  streptococci  from  cases  of  bronchitis  and  osteo¬ 
myelitis  yield  toxic  filtrates  which  are  neutralized  by  convalescent  scarlet  fever 
serum  and  by  immune  horse  serum.  Birkhaug®  using  erysipelas  strains  deter¬ 
mined  that  the  toxic  filtrates  produce  a  skin  reaction  similar  to  the  scarlatinal 
toxin;  while  Duval  and  Hibbard’  were  unable  to  obtain  toxic  effects  in  rabbits 
with  the  culture  filtrate,  yet  definite  S3Tnptoms  followed  the  injection  of  strepto¬ 
coccal  lysate. 

With  a  view  of  obtaining  further  information  on  the  nature  of  the 
scarlatinal  toxin  several  lines  of  investigation  were  undertaken.  One 
of  these  was  a  comparative  study  of  the  cutaneous  reaction  in  the 
human  non-immune  to  the  in  vitro  produced  toxin  (Dick’s  culture 
filtrate)  and  the  in  vivo  prepared  streptococcal  endotoxin  (Duval  and 
Hibbard’s  culture  lysate);  another,  to  determine  by  the  intradermal 
test  the  neutralizing  effect  of  immune  serum  upon  the  specific  “fil¬ 
trate”  and  “lysate”  respectively,  while  a  third  series  of  experiments 
was  conducted  to  determine  the  infectivity  of  scarlet  fever  streptococci 
for  the  dog,  and  to  compare  the  toxic  effects  produced  in  this  animal 
with  injections  of  culture  filtrate  and  lysate.  A  study  was  also  made 
of  the  antibody  content  of  sera  from  rabbits  immunized  separately 
against  filtrate  and  lysate,  particularly  with  respect  to  lytic  and 
neutralizing  antibodies. 

Materials  and  Animals  Employed. 

The  bacterial  lysate  employed  in  our  studies  was  prepared  from  the  Dick 
“Harrison”  strain  of  Streptococcus  scarlatinse.  Heavy  growth  of  the  culture  was 
first  obtained  upon  nutrient  sheep  serum  agar  which  had  been  slanted  in  quart 
size  sterile  whiskey  flasks  and  incubated  for  3  days  at  37°C.  The  surface  growth 
of  each  flask  was  then  washed  down  and  suspended  in  50  mils  of  sterile  normal  salt 
solution.  The  entire  bacterial  suspension  of  one  or  more  flasks  was  now  injected 
into  the  peritoneal  cavity  of  rabbits  which  had  been  previously  immunized  against 
the  homologous  culture.  2  to  3  hours  after  the  introduction  of  the  living  strepto¬ 
cocci,  the  animal  was  sacrificed  and  the  peritoneal  fluid  was  collected  and  passed 
through  an  N  Berkefeld  filter.  The  resulting  filtrate  which  contains  the  product 
of  the  in  vivo  dissolved  cocci  constitutes  what  is  herein  called  lysate.  This  was 
then  standardized,  by  means  of  the  method  described  by  Dick  and  Dick  for  the 
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standardization  of  culture  filtrate.  A  skin  test  dose  was  considered  a  standard 
unit  of  lysate,  and  is  defined  as  that  amount  which  will  give  a  positive  skin  reaction 
in  the  non-immune  to  scarlatina  and  a  negative  reaction  in  the  immune.  Since 
susceptibility  and  resistance  to  scarlet  fever  are  relative  terms  it  is  obvious  that 
no  fixed  amount  of  lysate  will  satisfy  the  definition  given  for  a  standard  unit,  even 
if  the  cutaneous  reaction  was  the  only  factor  in  determining  susceptibility. 

The  culture  filtrate  (Dick’s  scarlatinal  toxin)  used  was  from  two  different  lots; 
one  was  kindly  sent  us  by  Dr.  Dick  (0.1  cc.  of  a  1 : 250  dilution  equaled  a  skin  unit), 
the  other  was  prepared  in  our  own  laboratory. 

The  scarlatinal  immune  sera  employed  were  of  three  different  lots;  one,  Eli 
Lilly’s  scarlet  fever  antitoxin  (obtained  in  the  open  market)  and  the  others,  from 
(1)  rabbits  immunized  with  culture  lysate  and  (2)  rabbits  immunized  with  culture 
filtrate  of  Streptococcus  scarlatinse. 

As  the  dog  proved  to  be  highly  susceptible  of  infection  with  Streptococcus 
scarlatinse,  this  animal  was  utilized  instead  of  the  rabbit  for  certain  of  the  experi¬ 
ments  herein  reported.  Normal  young  dogs  commonly  develop  a  generalized  in¬ 
fection  following  the  injection  of  living  culture,  and  succumb  in  3  to  5  days  from 
an  acute  hemorrhagic  nephritis  which  is  the  most  prominent  feature  of  the  induced 
toxemia.  The  killed  culture  and  culture  lysate  are  also  highly  toxic  for  this  animal. 
All  dogs  were  kept  under  observation  for  a  period  of  2  weeks  prior  to  inoculation, 
during  which  time  daily  analysis  of  the  urine  was  made  and  the  blood  chemistry 
determined.  Only  dogs  with  normal  kidney  function  were  employed  for  experi¬ 
mentation.  The  preliminary  study  of  the  blood  and  urine  was  carried  out  by  our 
colleague.  Professor  Denis,  head  of  the  Department  of  Bio-Chemistry. 

Rabbits  only  were  emploj^ed  for  immunization.  The  immune  sera  of  these 
animals  were  utilized  to  determine  the  kinds  of  antibodies  experimentally  induced 
with  culture  filtrate  and  lysate  antigens  respectively.  Furthermore  the  sera  were 
used  as  indicators  in  the  determination  of  the  relative  toxic  strengths  of  lysate 
and  filtrate. 


EXPERIMENTAL. 

Experiment  1. — In  order  to  compare  the  reactivity  of  the  human  skin  to  lysate 
and  filtrate,  and  to  determine  the  relative  strengths  of  these  two  products  80 
volunteer  medical  students  were  inoculated  intradermally  with  0.1  cc.  quantities 
of  varying  dilutions  of  the  respective  materials.  Saline  and  bouillon  in  similar 
doses  were  used  as  controls.  Three  different  strengths  of  each  product  were  pre¬ 
pared  and  the  injections  made  at  intervals  of  3  inches  apart  along  the  flexor  surface 
of  the  forearm,  the  right  was  used  for  lysate  and  the  left  for  filtrate.  The  lysate 
dilutions  were  1 : 2000, 1 : 1000  and  1 : 500  while  the  filtrate  was  utilized  in  strengths 
of  1 : 250,  1 : 100  and  the  undiluted.  Readings  were  made  at  24  and  48  hour  in¬ 
tervals  and  all  tests  were  considered  negative  if  after  this  period  no  definite  area 
of  redness  occurred  about  the  inoculation  site. 
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The  remarkable  feature  of  the  culture  lysate  reaction  was  its  inten¬ 
sity  and  large  involvement  of  skin  area,  while  the  reaction  to  culture 
filtrate  was  seldom  more  than  a  mild  erythematous  blush  for  a  rela¬ 
tively  small  area  of  skin.  As  a  rule  the  reaction  to  culture  lysate 
was  clear-cut,  distinctly  elevated,  dark  red  in  color  and  usually  3  cm. 
in  extent. 

Presumably  the  toxicity  of  lysate  is  greater  because  it  contains  not 
only  a  larger  quantity  of  poison  but  is  the  lysin-separated  pure  toxic 
product  of  a  large  number  of  streptococcal  cells.  On  the  other  hand 
Dick’s  culture  filtrate  is  simply  the  autolyzed  product  of  the  dead 
coccal  cells.  It  would  seem  that  lysate  is  capable  per  se  of  directly 
injuring  the  tissues  while  filtrate  has  not  this  property  until  altered 
by  some  lytic  host  factor.  However,  this  difference  in  the  reactive 

TABLE  I. 


Comparative  Percentages  of  Reactions  to  Lysate  and  Filtrate. 


Number 

persons 

tested 

Positive  skin  reaction  to  filtrate  (Dick’s  toxin). 
Dose,  0.1  cc.  of  the  following 

Dilutions  of  filtrate 

Positive  skin  reaction  to  lysate  (Duval  and 
Hibbard  toxin). 

Dose,  0.1  cc.  of  the  following 

Dilutions  of  lysate 

Undiluted 

1:100 

1:250 

1:500 

1:1000 

1:2000 

80 

54 

22 

m 

m 

(67.5%) 

(27.5%) 

1  (22.5%) 

power  of  lysate  and  filtrate  is  no  proof  that  the  toxic  principle  of 
Streptococcus  scarlatinas  is  endo  toxic  though  it  may  be  inferred  that 
such  is  the  case. 

Table  I  gives  the  results  and  comparative  percentages  of  reactions. 
It  is  seen  from  the  table  that  67.5  per  cent  reacted  to  the  undiluted, 
27.5  per  cent  to  the  1:100  and  17.5  per  cent  to  the  1:250  dilution  of 
culture  filtrate.  While  22.5  per  cent  reacted  to  the  1 : 500, 21.5  per  cent 
to  the  1 : 1000  and  16.5  per  cent  to  the  1:2000  dilution  of  lysate.  Since 
a  1:2000  dilution  of  lysate  reacted  in  as  high  a  percentage  of  cases  as 
the  1:250  dilution  of  filtrate  (Dick’s  skin  unit)  the  comparative 
strengths  of  the  two  toxic  products  are  indicated  as  1  to  10.  In  other 
words  lysate,  at  least  for  the  batch  employed,  is  ten  times  the 
strength  of  filtrate.  This  difference  in  the  reactivity  leaves  no  doubt 
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regarding  the  greater  degree  of  toxicity  for  lysate  as  compared  to 
filtrate. 

Experiment  2. — To  determine  the  amount  of  immune  serum,  in  terms  of  skin 
units,  necessary  to  neutralize  a  standard  skin  dose  of  scarlatinal  lysate  and  to 
compare  this  with  the  amount  required  to  neutralize  a  unit  of  culture  filtrate, 
mixtures  of  the  respective  toxin-immune  serum  were  prepared  and  injected  in- 
tradermally.  Three  different  lots  of  immune  sera  were  employed:  (1)  Eli  Lilly’s 
globulin  fraction  of  scarlatinal  horse  serum,  (2)  immune  rabbit  serum  produced 
with  Dick’s  culture  filtrate  and  (3)  immune  rabbit  serum  produced  with  our  culture 
lysate.  Dilutions  of  0.1  cc.,  0.2  cc.,  0.3  cc.  were  made  in  sterile  normal  saline  of 
the  various  sera.  To  separate  series  of  these  dilutions  were  added  and  thoroughly 
mixed,  one  skin  unit  of  lysate  and  filtrate  respectively.  The  mixtures  were  allowed 
to  stand  in  diffuse  light  for  1  hour  before  0.1  cc.  quantities  were  injected. 

Fifteen  medical  students  in  whom  the  culture  filtrate  and  culture  lysate  reactions 
were  positive,  volunteered  for  the  test.  These  were  divided  into  three  groups  of 
five  each,  one  group  for  each  immune  serum  to  be  tested.  The  toxin-antitoxin 
mbctures  were  injected  into  the  skin  of  the  forearm  at  different  sites  and  approxi¬ 
mately  3  inches  apart.  The  first  group  received  the  Eli  Lilly  serum-toxin  mix¬ 
tures,  the  second  group  the  “lysate”  immune  rabbit  serum-toxin  mixtures  and  the 
third  group  the  “filtrate”  immune  rabbit  serum-toxin  mixtures.  Table  II  shows 
the  results  obtained  in  this  experiment. 

Dilutions  of  1 : 250  scarlatinal  horse  serum  neutralize  completely  one 
unit  quantities  of  culture  filtrate  and  culture  lysate.  Dilutions  of 
1:250  of  “lysate”  immune  rabbit  serum  neutralize  one  unit  of  culture 
j&ltrate,  while  a  dilution  of  1:65  of  “lysate”  immune  rabbit  serum 
neutralizes  a  unit  of  culture  lysate.  The  “filtrate”  immune  rabbit 
serum  in  dilution  1:65  neutralizes  a  unit  of  filtrate  but  fails  to  neutra¬ 
lize  a  unit  of  lysate.  These  results  prove  that  the  immune  horse  serum 
employed  was  of  greater  antitoxic  strength  than  the  sera  of  rabbits 
which  were  immunized  against  lysate  and  filtrate.  There  is  also 
demonstrated  the  fact  that  lysate  as  compared  to  filtrate  contained 
relatively  more  toxin. 

Experiment  3. — Since  scarlet  fever  is  known  to  occur  in  a  certain  percentage 
of  persons  in  whom  susceptibility  is  not  indicated  by  the  skin  test  unit  of  Dick  and 
Dick,  the  following  experiment  was  carried  out  to  show  that  a  negative  reaction 
is  at  best  merely  an  index  to  a  relatively  small  range  of  immunity.  80  volunteers 
were  first  skin- tested  with  three  different  strengths  of  Dick’s  culture  filtrate, 
namely  the  undiluted,  1 : 100  and  1 : 250.  Twenty-six  of  the  number  gave  no  skin 
reaction  to  one  unit  of  Dick’s  toxin.  These  non-susceptibles  or  immunes,  as 
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TABLE  II. 


Neutralization  of  Scarlatinal  Toxin  {Lysate  and  Filtrate)  with  Immune  Sera 
as  Determined  by  Intradermal  Injections  of  the  Mixtures. 


Persons 

tested 

Positive  skin  test  to 
0.1  cc.  dosage  of 
dilutions 

Filtrate  Lysate 

Filtrate  plus  serum 
(lysate  immune  rabbit) 

Left  arm 

Serum  dilutions 

Filtrate  plus  serum 
(Eli  Lilly) 

Right  arm 

Serum  dilutions 

1:250 

1:1000 

1:250 

1:125 

1:65 

1:250 

1:125 

1:65 

1 

+ 

+ 

— 

_ 

— 

— 

— 

— 

2 

+ 

+ 

- 

- 

- 

- 

- 

- 

3 

+ 

+ 

- 

- 

— 

— 

— 

- 

4 

+ 

+ 

- 

- 

- 

- 

- 

- 

5 

+ 

+ 

— 

— 

— 

— 

— 

— 

Positive  skin  test  to 
0.1  cc.  dosage  of 
dilutions 

Ljrsate  plus  serum 
(filtrate  immune  rabbit) 

Left  arm  ' 

Lysate  plus  serum 
(Ell  LUly) 

Right  arm 

Filtrate 

Lysate 

Serum  dilutions 

Serum  dilutions 

1:250 

1:1000 

1:250 

1:125 

1:65 

1:250 

1:125 

1:65 

6 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

7 

+ 

+ 

+ 

+ 

+ 

- 

- 

— 

8 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

9 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

10 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

Positive  skin  test  to 
0.1  cc.  dosage  of 
dilutions 

Lysate  plus  serum 
(lysate  immune  rabbit) 

Left  arm 

Lysate  plus  serum 
(filtrate  immune  rabbit) 

Right  arm 

Filtrate 

Lysate 

Serum  dilutions 

Serum  dilutions 

1:250 

1:1000 

1:250 

1:125 

1:65 

1:250 

1:125 

1:65 

11 

+ 

+ 

+ 

— 

o 

+ 

+ 

+ 

12 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

13 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

14 

+ 

+ 

+ 

— 

+ 

+ 

+ 

15 

+ 

+ 

+ 

+ 

B 

+ 

+ 

+ 

+  equals  skin  reaction  and  no  neutralization. 
—  equals  no  skin  reaction  and  neutralization. 
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indicated  by  a  negative  cutaneous  reaction,  were  then  skin-tested  with  varying 
dilutions  of  culture  lysate  (1:500, 1:1000,  1:2000  respectively).  Thirteen  of  the 
twenty-six  gave  a  strongly  positive  reaction  to  the  1:2000  dilution  of  lysate, 
seventeen  to  the  1 : 1000  and  eighteen  to  the  1 : 500.  Eight  cases  failed  to  react. 

Thus  it  was  shown  that  a  high  percentage  of  negatives  to  the  Dick 
tests  react  to  lysate,  from  which  fact  it  may  be  inferred  that  one  skin 
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Degrees  of  reaction  are  indicated  by  ++,  +• 

The  minus  sign  (— )  indicates  a  negative  reaction. 


unit  of  culture  filtrate  contains  relatively  too  little  toxic  substance  in 
excess  of  what  may  be  neutralized  by  natural  antibodies  present  in 
the  human  host.  It  is  reasonable  to  suppose  that  the  antibodies 
persist  in  persons  who  have  had  at  some  previous  time  a  focal  strepto¬ 
coccal  infection. 
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Experiment  4. — Since  an  animal  more  readily  susceptible  to  infection  with  scar¬ 
latinal  culture  than  those  previously  used  (rabbit,  guinea  pig  and  mouse)  might 
serve  as  a  means  of  determining  the  nature  of  the  toxic  principle  of  Streptococcus 
scarlatime,  a  series  of  tests  was  carried  out  upon  the  dog.  It  was  found  that  small 
doses  of  viable  culture  introduced  subcutaneously,  intravenously  or  intraperi- 
toneally  resulted  in  a  generalized  infection  and  often  death  of  the  animal  in  from 
3  to  5  days.  It  was  also  found  that  the  dog  is  highly  susceptible  to  the  toxic 
product  of  the  in  vivo  killed  and  dissolved  scarlatinal  streptococcus  culture,  and 
little  if  at  all  susceptible  to  the  culture  filtrate  of  Dick  and  Dick.  Previous  to 
inoculation  all  dogs  were  examined  daily  for  the  kidney  condition  over  a  period  of 
10  days.  The  animals  used  were  those  with  normal  kidney  function. 

{Injectivity  of  Dog)  Six  full  grown  healthy  dogs  were  inoculated  with  living 
cultures  of  scarlatinal  streptococcus  (Dick’s  Harrison  strain).  Two  animals  re¬ 
ceived  the  injection  intravenously,  two  subcutaneously  and  two  intraperitoneally. 
In  each  instance  the  dosage  was  10  mils  of  the  surface  growth  from  slanted  sheep 
serum  agar  which  had  been  washed  off  and  suspended  in  50  mils  of  sterile  normal 
saline.  All  the  animals  developed  promptly  a  generalized  infection  and  died  in 
2  to  5  days  following  the  inoculation.  Daily  urine  examinations  showed  pus, 
blood,  albumin  and  casts.  At  autopsy  there  were  the  usual  gross  signs  of  sepsis, 
and  in  addition  a  markedly  acute  hemorrhagic  nephritis.  In  one  dog  the  kidneys 
were  studded  with  streptococcal  abscesses.  Pure  culture  of  the  streptococcus 
was  recovered  from  the  lesions. 

It  is  evident  from  the  results  obtained  that  the  dog  is  the  animal  of 
choice  because  of  the  ease  with  which  infection  is  induced  independ¬ 
ently  of  the  route  of  administration.  It  is  noteworthy  that  the  dog  is 
highly  susceptible  compared  to  other  animals  previously  used.  The 
constant  occurrence  of  acute  glomerulonephritis  is  also  of  special 
interest. 

Experiment  5.  {Toxic  Effects  of  Lysate  and  Filtrate  upon  the  Dog.) — Four 
young  healthy  dogs  were  inoculated  intravenously  with  10  mils  each  of  filtered 
lysate  which  had  been  prepared  in  vivo  in  the  manner  elsewhere  described.  Four 
of  the  normal  dogs  received  intravenously  10  mils  of  culture  filtrate  (Dick’s  toxic 
broth).  The  animals  receiving  lysate  developed  within  4  hours  symptoms  of 
toxemia,  and  24  hours  later  were  extremely  ill.  The  urine  macroscopically  was 
bloody  and  analysis  showed  quantities  of  albumin,  granular  casts,  bile  and  blood. 
Two  of  the  animals  died  on  the  4th  day  following  the  inoculation.  The  others 
survived,  and  though  apparently  well  have  continued  to  show  albumin  and  casts 
in  the  urine.  The  four  dogs  that  received  culture  filtrate  did  not  show  at  any 
time  signs  of  toxemia  and  have  remained  perfectly  well. 

The  animals  of  this  experiment  reveal  a  marked  difference  in  toxic 
effects  for  the  two  products  employed.  Undoubtedly  the  lysate  is 
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much  more  toxic  than  filtrate  though  the  identical  quantities  of  each 
were  injected.  The  experiment  proves  that  large  amounts  of  filtrate 
from  cultures  grown  for  10  days  in  nutrient  broth  contain  little  toxin 
for  the  dog.  This  apparent  difference  in  the  reactionary  property  of 
lysate  and  filtrate  indicates  that  the  poison  of  Streptococcus  scarlatina 
is  intracellular.  The  toxin  of  filtrate  is  little  in  amount  because  it  is 
derived  from  only  the  dead  cocci  of  culture  while  that  of  lysate  is  the 
split  product  of  large  numbers  of  coccal  bodies. 

Experiment  6.  {Toxic  Effect  of  Filtrate  versus  Killed  Coccal  Bodies.) — Four 
young  normal  dogs  were  intravenously  injected,  two  with  the  filtrate  of  a  3  day 
old  culture  and  two  with  the  residue  of  killed  cocci  from  the  same  culture.  The 
filtrate  animals  each  received  15  mils  which  was  one-half  of  the  total  amount  of 
the  Berkefeld  filtered  culture,  and  each  of  the  other  dogs  was  given  one-half  of 
the  coccal  residue  (15  mils  suspended  in  sterile  normal  saline) .  The  dogs  inoculated 
with  filtrate  appeared  perfectly  well  throughout  the  period  of  observation.  Daily 
examination  of  the  urine  and  one  blood  chemistry  analysis  made  on  the  5th  day 
revealed  no  abnormalities.  The  animals  inoculated  with  coccal  body  residue 
showed  severe  toxic  symptoms  within  24  hours  following  the  injection,  one  dying 
on  the  3rd  day  and  the  other  2  days  later  of  acute  hemorrhagic  nephritis.  In 
one  of  the  animals  there  was  complete  suppression  of  urine  2  days  prior  to  death. 
The  urine  of  both  animals  showed  from  the  beginning  of  illness  quantities  of  albu¬ 
min,  blood,  bile  and  fine  granular  casts. 

This  experiment  proves  conclusively  that  the  liquid  medium  of  a 
3  day  old  culture  of  scarlatinal  streptococcus  contains  no  poisonous 
substance  for  the  dog  while  the  coccal  bodies  are  highly  toxic  for  this 
animal,  from  which  it  may  be  inferred  that  the  toxic  principle  is 
intracellular  and  not  soluble  in  the  exotoxic  sense  of  the  term.  Appar¬ 
ently  the  toxin  of  culture  filtrate  is  the  product  of  autolyzed  dead 
streptococci  since  the  broth  of  a  3  day  old  growth,  in  which  there  are 
relatively  few  dead  organisms,  is  non-toxic  and  that  of  older  cultures 
is  toxic  because  the  culture  now  contains  a  larger  number  of  dead  cocci. 

Experiment  7.  {Rabbit  Immunization.) — In  order  to  determine  whether  there 
are  differences  in  lysin  and  antitoxin  content  for  scarlatinal  immune  sera  produced 
with  filtrate  and  lysate  antigens,  rabbits  were  separately  immunized  with  these 
substances.  Both  antigens  were  prepared  from  Dick’s  Harrison  strain  of  scar¬ 
latina.  The  animals  were  injected  intravenously  with  gradually  increasing  doses 
at  intervals  of  3  days  over  a  period  of  6  weeks.  10  days  after  the  last  injection 
the  animals  were  bled  and  the  serum  tested  for  lysin  and  neutralizing  antibodies. 
The  complement  fixation  method  was  used  for  the  detection  of  lysin  while  toxin- 
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immune  serum  mixtures  injected  into  the  skin  of  human  susceptibles  was  the 
method  employed  in  the  detection  of  neutralizing  antibodies. 

The  serum  of  rabbit  immunized  against  filtrate  contained  both 
lysin  and  antitoxin;  however  these  were  present  only  in  small  amounts. 
The  serum  from  animal  treated  with  lysate  was  rich  in  neutralizing 
antibody  but  no  lytic  substance  was  detected.  These  results  are 
significant  because  in  the  instance  of  the  animal  treated  with  filtrate 
it  may  be  assumed  that  the  antigen  was  not  only  small  in  amount  but 
of  a  whole  protein  nature,  while  with  the  animal  immunized  with 
lysate  the  antigen  was  truly  a  neutralizing  antibody  producer.  The 
fact  that  the  serum  of  rabbit  immunized  against  lysate  contains  only 
antitoxin  is  evidence  that  the  poison  is  the  endotoxic  split  product  of 
the  streptococcal  cell.  On  the  other  hand  culture  filtrate,  it  would 
seem,  is  the  whole  protein  of  the  disintegrated  cell  and  is  an  antigen 
substance  which  gives  rise  to  a  lytic  immunity. 

DISCUSSION. 

The  results  of  the  various  experiments  and  tests  conducted  leave 
little  doubt  as  to  the  endotoxic  nature  of  the  scarlatinal  poison.  In 
our  experience  animal  inoculation  with  either  culture  or  the  filtrate 
gives  rise  to  an  immunity  which  is  more  lytic  than  antitoxic.  While 
neutralizing  antibodies  are  induced  with  these  antigens,  bactericidal 
substances  occur  in  far  greater  proportion  in  the  immune  serum.  In 
consequence  of  this  the  toxic  principle  of  scarlet  fever  is  not  comparable 
to  a  microbic  exotoxin  like  that  of  diphtheria. 

The  filtrate  of  broth-grown  cultures  is  relatively  weak  in  toxin 
compared  to  corresponding  amounts  of  dead  coccal  bodies  or  culture 
lysate,  though  the  filtrate  from  older  broth  cultures  is  proportionately 
more  toxic  than  that  of  younger  cultures.  For  example,  15  mils  of 
filtrate  of  a  3  day  old  broth  culture  fails  to  give  rise  to  toxic  effects  in 
the  susceptible  animal  while  the  same  amount  of  filtrate  from  a  2  weeks 
old  culture  is  toxic.  Therefore  it  would  seem  that  the  toxin  in  culture 
filtrate  is  the  product  of  the  autolyzed  dead  streptococci  and,  like  that 
of  the  coccal  bodies,  is  bound  up  in  the  cytoplasm  of  the  cell.  On  the 
other  hand  culture  lysate  (prepared  in  the  abdominal  cavity  of  the 
immune  rabbit)  induces  only  neutralizing  antibody  from  which  it  may 
be  inferred  that  the  latter  is  the  pure  separated  poison  of  the  strepto- 
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coccal  cell.  This  difference  is  shown  by  lysate  antigen  stimulating 
only  the  production  of  neutralizing  immune  substance,  and  coccal 
bodies  and  culture  filtrate  primarily  producing  lytic  antibodies. 

The  neutralization  of  the  toxic  substance  of  culture  filtrate  with  the 
homologous  immune  serum  does  not  necessarily  mean  that  the  poison 
is  an  exotoxin  or  that  the  neutralizer,  strictly  speaking,  is  an  antitoxin. 
Intracellular  microbic  poisons  (endotoxin)  stimulate  the  production  of 
their  corresponding  neutralizers  which  properly  designated  are  antien¬ 
dotoxins.  In  our  opinion  it  is  clearly  indicated  that  the  toxic  principle 
in  scarlatina  is  intimately  associated  with  the  protein  of  the  strepto¬ 
coccal  cell,  and  only  liberated  in  vivo  by  the  action  of  a  host  lysin. 
The  action  of  this  lysin  is  of  special  interest  as  it  appears  to  possess 
group  cleavage  properties,  splitting  equally  as  well  certain  other 
streptococcal  antigens.  For  example  the  toxic  principle  of  Strepto¬ 
coccus  viridans  and  erysipelatis  is  liberated  when  these  are  introduced 
into  the  peritoneal  cavity  of  the  rabbit  immunized  against  Strepto¬ 
coccus  scarlatime.  This  behavior  would  suggest  a  close  biological 
relationship  between  these  respective  organisms. 

It  is  not  known  whether  the  toxin  of  the  culture  lysate  is  something 
that  exists  as  an  independent  moiety  within  the  bacterial  cell  or  a  new 
substance  formed  through  chemical  changes  taking  place  concurrently 
with  the  disintegration  of  the  cell.  However,  the  experimental  evi¬ 
dence  is  strong  that  it  is  the  product  of  the  specific  action  upon  the 
bacterial  cell  by  a  host  lysin.  To  what  extent,  if  any,  the  host  lysin 
enters  into  the  lysate  product  is  not  known. 

The  relative  ineffectiveness  of  an  immune  serum  in  the  treatment  of 
streptococcal  infections  as  compared  with  the  efficiency  of  antitoxic 
serum  produced  with  true  bacterial  toxin  has  long  been  recognized. 
While  antistreptococcal  serum  is  effective  in  the  treatment  of  scarlet 
fever  and,  as  it  would  seem,  to  a  far  greater  extent  than  immune  sera 
for  other  streptococcal  infections,  it  is  not  comparable  in  toxin¬ 
neutralizing  power  to  antidiphtheritic  and  antitetanic  sera.  In  the 
light  of  our  experiments  a  more  potent  serum  for  scarlet  fever  and 
other  streptococcal  infections  should  be  produced  with  antigens  that 
are  essentially  stimulators  of  neutralizing  antibodies.  Such  anti¬ 
gens  are  the  in  vivo  prepared  lysates  which  produce  antitoxin  in 
greater  amount  than  is  the  case  with  living,  killed  culture  or  culture 
filtrate.  A  purely  antitoxic  serum  will  not  increa.se  the  toxemia  while 
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theoretically  a  lytic  serum  will,  owing  to  the  simultaneous  cleavage  in 
vivo  of  large  numbers  of  streptococci  in  consequence  of  which  there  are 
liberated  greater  quantities  of  specific  poison.  We  believe,  however, 
that  the  present  day  antiscarlatinal  serum  though  more  lytic  than 
antitoxic,  contains  sufficient  neutralizing  antibodies  to  neutralize  the 
liberated  toxin, 

SUMMARY. 

The  cutaneous  reaction  demonstrates  that  the  culture  lysate  of 
Streptococcus  scarlatinas  is  approximately  ten  time  more  potent  in  its 
toxic  effect  than  is  the  culture  filtrate  since  repeated  and  carefully 
controlled  hmnan  skin  tests  show  that  0.1  cc.  of  a  1:2000  dilution  of 
lysate  reacts  equally  as  well  as  a  similar  dose  of  a  1:250  dilution  of 
culture  filtrate  (Dick’s  standard  skin  unit). 

Animal  tests  and  the  human  intradermal  reaction  clearly  reveal 
that  the  toxic  principle  of  culture  filtrate  (Dick’s  toxin)  and  culture 
lysate  (Duval-Hibbard  endotoxin)  are  of  the  same  nature,  namely  in¬ 
tracellular  derivatives  of  the  streptococcal  cell. 

The  in  vivo  prepared  lysate  affords  a  more  potent  antigen  for  the 
production  of  an  antiendotoxic  serum  than  the  living,  killed  or  culture 
filtrate  of  Streptococcus  scarlatinas. 

The  inoculations  into  dogs  of  culture  filtrate  and  of  the  “washed 
coccal  bodies”  yield  strikingly  different  results.  In  those  that 
receive  filtrate  no  toxic  effect  is  produced  while  in  the  ones  injected 
with  the  washed  coccal  bodies  a  severe  and  often  fatal  toxemia  results. 

The  dog  is  highly  susceptible  to  infection  with  Streptococcus  scarla¬ 
tinas  and  also  readily  affected  by  injections  of  the  in  vivo  prepared  lysate. 
Toxic  effects  are  produced  almost  immediately  following  the  intrave¬ 
nous  injection  of  lysate  and  death  usually  occurs  in  24  to  48  hours 
from  an  acute  hemorrhagic  nephritis.  Daily  urinary  examination 
shows  a  high  percentage  of  albumin,  large  numbers  of  fine  granular 
casts  and  quantities  of  macroscopic  blood.  A  study  of  the  kidney 
sections  reveals  an  extensive  glomerulonephritis. 

The  work  reported  constitutes  further  evidence  in  support  of  our 
original  contention  that  the  poisonous  substance  of  the  scarlatinal 
streptococcus  is  derived  from  the  bacterial  cell  set  free  through  the 
dissolution  of  the  germ  plasm.  The  liberation  of  the  poison  in  vitro 
occurs  as  the  natural  result  of  autolysis  while  in  vivo  it  is  produced 
through  specific  action  of  bacteriolysin. 
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